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THE LIMITATIONS OF RADICAL SURGERY IN 
THE TREATMENT OF CANCER 


HARVEY B. STONE, M.D., F.A.C.S., Baltimore, Maryland 


T is repeating a truism to state that the 
past two decades have brought about a 
great extension of the limits of safety in 
operations. Better anesthesia, better 
control of infection, better knowledge of the 
physiology of respiration, of the heart and 
blood vessels, of body chemistry, of blood re- 
placement, and of many other factors in the 
preoperative and postoperative care of pa- 
tients have contributed to this enlargement of 
the possibilities of surgical intervention. Asa 
consequence, many operations once regarded 
as maximum procedures have become com- 
monplace and many never seriously consid- 
ered before are being done with reasonable 
safety. It is quite natural that this enlarged 
freedom of surgical intervention should cause 
repercussions in the field of cancer treatment. 
Disease involving structures in the thorax, for 
instance, are now readily accessible to attack, 
which before offered little likelihood of success. 
Also procedures that had become standardized 
as a result of long experience, for the treat- 
ment of cancer in such anatomic regions as the 
breast, stomach, and pelvis, are being sub- 
jected to great modification. There has been 
extension of the area of resection, of the time 
involved in the performance of the operation, 
and, in general, of its magnitude and hazard. It 
would seem that the time has come for an 
assessment of this trend. 
In undertaking an appraisal of what may be 
called the newer radicalism of cancer surgery, 
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there are certain general qualifications that 
should be made at the beginning. It is im- 
portant to limit our consideration to surgery 
designed for the treatment of cancer. The 
mere extensiveness or radicalness of a pro- 
posed operation is not so much under discus- 
sion as is the appropriateness of that sort of an 
operation for the therapy of cancer. For in- 
stance, surgical attack to correct a congenital 
fistula between the esophagus and the trachea 
in an infant may involve almost the same op- 
erative problems as the removal of a car- 
cinoma of the esophagus—in fact the first 
problem may be technically more difficult 
than the second. Yet in most instances the 
first effort may be clearly necessary and the 
second quite obviously useless. The malig- 
nant disease may be so extensive that even the 
dubious reasoning that the patient is going to 
die anyhow would hardly be invoked. Thus 
an operative procedure of the newer radical- 
ness may be precisely indicated in order to 
correct an anomaly, and the same type of op- 
eration may be distinctly contraindicated in 
many cases of a malignant lesion located in the 
same area. It would seem, therefore, that it is 
essential to restate and emphasize the reasons 
why surgery is used in the treatment of cancer. 

To begin with, it may be stated that while 
x-ray, radium, and perhaps other agencies may 
be employed in special regions, with special 
forms of malignant disease. and for special pur- 
poses, surgery remains by all odds the best and 
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most successful method we yet have developed 
in the fight against cancer. It must also be 
stated, however, that it is far from a satisfac- 
tory method. Not only is the method costly in 
pain, disability, and money, but its results un- 
fortunately leave much to be desired. One 
may say that the very basic principle of cancer 
surgery is crude and destructive. For, stated 
simply, that principle is to remove the growth 
with as much of the patient’s surrounding tis- 
sues as is compatible with safety for life and 
for preservation of satisfactory health and 
function afterward. Obviously, this is not a 
precise and economical attack on the disease 
itself, but something perilously like burning 
down the barn to get rid of the rats. Yet, in 
spite of these drawbacks, it must be repeated 
that, at the present time, surgery remains the 
best means we have to deal with cancer. 

Let us then accept that we shall continue to 
use surgery, but let us also try to define more 
specifically its purpose. At once it is seen that 
actually surgery may be employed for either 
one of two different purposes, and one should 
clearly distinguish between them. It may be 
employed with the consciously limited objec- 
tive of palliation of symptoms, or for the larger 
aim of cure—which may better be called pro- 
longed and indefinite recovery. 

Many instances of palliative and very useful 
surgery will occur to every surgeon. The local 
removal of an advanced carcinoma of the 
breast may greatly alleviate the remainder of 
the patient’s life. Anastomosis of the gall- 
bladder or common duct to the alimentary 
tract, in cases of jaundice due to inoperable 
cancer of the head of the pancreas, is fre- 
quently a great relief. Resection of a growth 
in the colon, when liver metastases are present, 
may restore the patient to almost complete 
freedom from symptoms for a surprising 
length of time. In these and other similar situ- 
ations a well standardized limited operation of 
minimal risk, brief duration, and short con- 
valescence is the general practice. No one 
questions the usefulness of this type of surgery 
when wisely employed, and there should be no 
pressure to extend the scope of it because of 
the newer freedom of surgical adventures. ‘To 
make a palliative procedure more radical is a 
contradiction in terms and in ideas. 


It is in the second and major type of cancer 
surgery—that designed to accomplish a so- 
called cure—where the impact of surgical ad- 
vance has really made itself felt and where any 
discussion of the newer radicalism in the at- 
tack on cancer really centers. Perhaps the 
first and most pertinent question that should 
be raised is this: Does the recently advocated 
extension of the field of ablation constitute a 
new principle or a new technique in the attack 
on cancer, or is it simply more of the same 
thing? The answer to this must be obvious. 
There is no change in the higher strategy of 
the war against cancer. It is simply that we 
have now better weapons to fight with, but the 
fight is along the same old lines. To repeat 
what was said earlier, it is still the principle of 
destroying as much tissue about the growth as 
can be done with due regard to safety of life 
and preservation of health and function. 
Here, of course, the point will properly be 
made that the newer surgery does just that— 
it does permit a wider removal with preserva- 
tion of life in some cases. If this were all there 
is to be said on the subject, one would have no 
reason for further discussion. But the matter 
is not that simple. One must ask what is 
gained by the more extensive and destructive 
newer radicalism, and also what is lost by it? 
The problem thus becomes one of balancing. 

The gain, in fact the only claim of gain, is to 
be looked for in an increase in the percentage 
of long term survivals. It may fairly be said 
that as yet ai insufficient number of opera- 
tions have been done over a long enough pe- 
riod of time to give a clear answer to this ques- 
tion. Further, it should be evident that the 
figures of long range survivals, when available, 
will need careful study. A small number of pa- 


tients have been reported as living 5 years or 


more after one of the ultraradical operations. 
On the other hand, some clinics that undertook 
to apply certain of these operations to specific 
examples of cancer were led to abandon this 
practice because of disappointing experience. 
The largest group study with which I am ac- 
quainted, that of Brunschwig, reports a small 
number of survivors in about 100 ultraradical 
operations. This group was quite hetero- 


geneous. The anatomic extent of the lesion 
and its pathologic character varied a great 
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deal. In fact, several of the cases included were 
not even malignant. The only common factor 
was the employment of the newer radicalism 
in the operations done. Obviously the fact 
that some survivors, even as small a percentage 
as in this report, may live for a number of 
years is a fact of considerable interest and per- 
haps of importance. It does not prove, how- 
ever, that some of these same individuals 
might not have survived also for the same 
period of time following the usual classical 
cancer operations, or indeed if they had not 
been operated upon at all. Anyone familiar 
with the wide variation in the natural history 
of malignant disease knows this to be true. 
Anyone who has done a limited operation and 
knowingly left behind distant metastases may 
have had the surprising experience to find the 
patient living after 4 or 5 years. Unfortunate- 
ly also, anyone who has had much and long 
experience in the field of cancer surgery has 
had the dismaying experience of encountering 
recurrence 10, 15, or even 20 years after an 
apparently successful operation. These facts 
are recalled, not to discredit serious and heroic 
efforts to improve our results in cancer ther- 
apy; it is simply to amplify the statement 
made above that much more experience must 
accumulate and must be critically analyzed 
before we have evidence of loss or gain in the 
long term survival rate from cancer because of 
the ultraradical types of operation. If the 
writer may hazard a guess as to what the fu- 
ture will show, it would be that there will be 
some improvement in our long range surviv- 
als, but that it will be in the nature of a min- 
imal percentage—perhaps 3 or 4 cases per 
hundred. 

It becomes necessary now to attempt an 
estimate of the disadvantages of the newer 
method. One thinks first, naturally, of the 
greater immediate mortality. Indeed this was 
formidably high in the beginning of the devel- 
opment of the newer radicalism, which is only 
to be expected in the developmental stage of 
any extensive surgical procedure. The history 
of the development of our currently common- 
place operations often shows a similar story. 
As the newer methods have become more prac- 
ticed and perfected, the mortality has mate- 
rially diminished. It still remains notably 





higher than in the classical type of operations, 
however, and probably always will remain so. 
Indeed it is likely that this increase in imme- 
diate mortality will more than offset the ex- 
pected increase in 5 year survivals. In con- 
sidering the question of mortality one must 
not overlook a tendency to confusion result- 
ing from certain commonly used terms. One 
thinks of “immediate mortality” as operating 
room or recovery room death. It should be 
appreciated that deaths occurring in the early 
postoperative period—sometimes called hos- 
pital deaths to distinguish them from operat- 
ing room deaths—reaily all fall into the group 
of deaths immediately following the surgical 
procedure. In this group, in spite of improve- 
ment in the direct operating room mortality, 
there still remains a very considerable increase 
in the losses as compared with classical cancer 
surgery. The inclusion of all the cases of death 
in the interval closely following the operation 
amounts to a serious disadvantage of the newer 
cancer surgery. 

But increased loss of life is by no means the 
only loss that is increased following the ultra- 
radical methods. In the large majority of pa- 
tients recovering from the classical operations 
for cancer there is a return to good general 
health and function for much of the period of 
life left to them, whether that period be rela- 
tively brief or indefinitely prolonged. This 
cannot be said for the postoperative experi- 
ence of many who have survived the ultra- 
radical procedures. In all too many cases the 
resulting damage in the form of mutilation, 
loss of normal functioning, distress and dis- 
comfort, and failure to regain weight, strength, 
and normal blood count is unquestionably far 
greater than after the usual radical operations. 
Not only are these unfortunate sequelae more 
intense; they last much longer. Often indeed 
they continue until ended by the patient’s 
death. The exact nature of these postopera- 
tive misfortunes will depend, of course, on the 
particular structures that were sacrificed or 
extensively damaged in the operation. Thus 
in the head, neck, and extremities, loss of 
speech or swallowing, inability to walk or to 
work, or shocking disfigurement may result. 
In the alimentary tract, inability to eat, to re- 
tain, to digest, or to absorb food may resist all 
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efforts at correction, although in a number of 
instances postoperative regimen and careful 
management after many months may bring 
about a very considerable improvement. In 
pelvic operations the subsequent disposal of 
the excreta of kidneys and bowel may render 
life anything but agreeable. That these state- 
ments are true is borne out, not only by com- 
mon knowledge, but by the appearance in the 
literature of articles devoted to efforts to cor- 
rect or improve the lot of survivors of ultra- 
radical cancer surgery. Many of these are in- 
teresting and ingenious plastic operations to 
construct a substitute arrangement for the or- 
gans that have been destroyed. One such pro- 
cedure recently reported by Wenger described 
a many stage reconstructive program at each 
step of which biopsy study was made for any 
evidence of persistence of the original malig- 
nant disease. None was found. After the final 
completion of the long surgical reconstruction, 
a fairly satisfactory functional result was ob- 
tained. The unfortunate sardonic postscript 
to this ingenious and protracted effort was the 
statement that a few months after completion 
of the last step the patient died of metastases 
of the original disease. 

A factor that is not exactly medical but that 
is eminently practical is the much increased 
cost in money, direct and indirect, that so 
often follows these newer ultraradical opera- 
tions. In a day when all costs, including espe- 
cially hospital and nursing costs, are so heavy, 
and when loss of earning power means so much 
to many families, the difference between a 1 
month and a 6 months’ period of disability is 
something that cannot be lightly dismissed as 
of no importance. Nor will it do to say that 
this temporary financial disadvantage is offset 
by the longer life and increased chance of pro- 
tracted recovery or cure following the ultra- 
radical surgery. If one were to charge against 
the greater cost to all the patients, in an aver- 
age group of 1oo ultraradical operations, the 
greater earning power of the few who survived, 
say 5 years, there seems little doubt at present 
that the net expense to the group would be 
considerably greater than if the usual classical 
operations had been done on these patients. 

This last comment brings us back to the 
statement made earlier, that we are confronted 
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with a problem in balancing the loss and gain 
involved in the newer radicalism before we can 
evaluate it or try to set its limitations. And 
this is no easy task. So much hinges on the 
question of how considerable is the increase in 
the long range survival, and, as has been said, 
our data just now are quite inadequate to 
answer this basic question. It will not do, I 
think, to attempt to evade this issue by saying 
that even if there is only one chance in a hun- 
dred of prolonged recovery, we are not justi- 
fied in refusing it to any individual who pre- 
sents the concrete problem of whether or not 
to undertake an ultraradical operation. We 
must weigh against this long chance the things 
that can and do happen in the other gg cases. 
We must ask these other questions, and give 
these answers. What is the probability that 
we shall shorten the patient’s actual time of 
survival? It is great. What is the likelihood 
that the survival period, long or short, will be 
one of distress and disability? It is great. 
What is the chance that the patient will be 
committed to more costly treatment? It is 
great. Finally what is the chance that the pa- 
tient will die ultimately of his disease, despite 
the heroic surgery? It is very great. 

The discussion so far has concerned itself 
with generalities. It has been the writer’s ef- 
fort to portray his own thinking on the ques- 
tion of the value to surgery and to the victims 
of malignant disease of the newer wide exten- 
sions of the field of ablative operations. It 
will be evident that the writer is a skeptic as 
concerns the desirability of this type of opera- 
tion coming into general use. Quite frankly, I 
think this would be unfortunate. 

Is it to be concluded, then, that there is no 
increment of value in this movement? I think. 
this is certainly not true. Can one, then, set 
up some approximate guiding principles for 
the avoidance of ill-judged attempts at ultra- 
radical surgery? Can this be done without 
losing any valuable additions to our surgical 
resources that the newer radicalism may offer? 
Certainly it is worth while to make the effort. 

All should agree that something more than 
the customary facilities for the usual surgical 
undertakings is necessary. There must be a 
staff of operating room and laboratory person- 
nel trained and ready to meet such emergency 
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situations as sudden large losses of blood, ob- 
struction of the airways, or cardiac arrest. 
The surgeon himself should possess outstand- 
ing technical skill and courage. Most of all he 
should have added to these qualities wide gen- 
eral experience and sound common sense, the 
qualities that form good judgment. It has 
been said that exceptional skill and daring, 
when not controlled by good judgment, make 
a dangerous combination. All these necessary 
technical and personnel requirements consti- 
tute limitations to the employment of ultra- 
radical surgery of any sort. 

The nature of the cancer itself may make 
the employment of ultraradical operations un- 
wise. Most malignant lymphomas are not 
best treated by extensive surgery. These 
forms of malignant tumors are essentially not 
diseases of particular anatomic organs, but 
rather of a specific type of tissue that is wide- 
spread throughout the body. Hence the most 
extensive possible local excision still cannot be 
regarded as basically sound. Lymphosarcoma 
and Hodgkin’s disease primary in the stomach, 
for instance, should be handled by simple pal- 
liative operations, biopsy, and either radiation 
therapy or one of the recent chemical remedies 
that are of value in these diseases. Forms of 
malignant disease that tend to spread chiefly 
or largely by blood stream dissemination are 
not suited to ultraradical surgery. It seems ill 
advised to subject a patient to a hemipelvec- 
tomy for a malignant melanoma of the foot. 
Such an operation is quite ineffective against 
any extension of the disease which may have 
already occurred by way of the blood stream. 
So far as lymphatic spread is concerned, nearly 
the same degree of effective removal can be 
accomplished by extensive dissection of the 
channels in the leg and the nodes in the groin 
and iliac regions, without the crippling disabil- 
ity and mutilation of a hemipelvectomy. Note 
that such objections do not apply to hemi- 
pelvectomy for such conditions as osteosar- 
coma of the ischium or pubis. 

The extent of the cancer discovered at op- 
eration may be a positive contraindication to 
any form of radical surgery, to say nothing of 
ultraradicalism. The writer has little patience 
with those who would treat a cancer of the 
stomach by total gastrectomy combined_with 
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removal of the spleen, the left lobe of the liver, 
the major portion of the pancreas and the 
transverse colon, in a case in which there is 
already widespread nodular dissemination 
over the omentum and the peritoneum gener- 
ally. Yet such operations have been done. 
Even without the nodular dissemination, if 
the obvious disease has extended to numerous 
adjacent organs, their removal along with the 
primary lesion can offer only a very remote 
chance that the growing microscopic periphery 
of invasion has been extirpated. Similarly 
when carcinoma of the rectum has extensively 
invaded the bladder base, the lateral pelvic 
structures and the aortic nodes for a long dis- 
tance, a total pelvic exenteration seems to me 
indefensible. The chances of ultimate cure in 
such cases as these are minimal and the opera- 
tive risk, the protracted postoperative care, 
and the permanent disability are maximal. If 
this paper has no other effect than to discour- 
age these manifestations of ultraradicalism, it 
will have served a useful purpose. 

Does this mean that there is no place for ef- 
forts to apply the enlarged safety of surgical 
operating to the treatment of malignant dis- 
ease? Certainly not. There is a movement to 
utilize total gastrectomy as a routine method 
of treatment for cancer of the stomach. Argu- 
ments of some merit are advanced in support 
of this idea. Although persuasive, these argu- 
ments are not convincing to the writer but at 
least the plan deserves a thorough trial. 
There are, no doubt, other situations where ex- 
tensions of our present operative methods 
might be a step forward. To frown on all ef- 
forts to utilize our enlarged surgical liberty in 
the treatment of cancer would be blind con- 
servatism, and a block to progress. But it is 
equally blind radicalism to reason that be- 
cause it is now possible to do certain extensive 
operations with a new degree of safety, it 
therefore is sensible or desirable to do them. It 
is still true that the surgeon’s greatest quality 
is his judgment and sound common sense, 
and his first duty is to his individual patient. 
Also, in assessing any method of treating a dis- 
ease, careful consideration of the pathologic 
processes involved is a basic necessity. 

Furthermore, when the gross extent of ma- 
lignant disease is such that heroic anatomic 
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destruction is required to remove it, the ex- 
pectation that these measures will eradicate 
the invisible microscopic spread of the: malady 
requires an even more heroic optimism. 

Finally let us not forget the old admonition 
that the doctor, in his efforts to do good, 
should above all be careful not to do harm. 

Aside from and above the strictly scientific 
aspects of any problem in clinical medicine 
there are its humanistic relations. To quote 
Walshe in his Thayer Lecture on the ‘‘Nature 
of Clinical Medicine’’: “‘. . . in the application 
of science to the practice of medicine we need 
prudence, for the doctor’s action must have 
regard to the whole good of the patient.”’ In 
the situation under discussion, the exercise of 
this humanistic prudence would require, 
among other things, that the patient be fairly 
and fully informed of the possible benefits and 
dangers that proposed ultraradical surgery in- 
volves. By fairly and fully, is meant without 
either the zeal of salesmanship or the gloom of 
pessimism. If such a presentation is properly 
made and the patient elects to undergo ultra- 
radical surgery, knowing its limitations, the 
surgeon will not only have done his full duty, 
but should be able to approach his task with a 
lighter heart and a freer mind. 

Perhaps enough has been said to disclose the 
writer’s views on the purely medical aspects of 
the subject of this paper. I wish to enlarge the 
discussion to include certain comments on 
both personal and philosophic matters. It is 
no secret that in informal arguments about 
ultraradical cancer surgery, the defenders of 
opposing views sometimes resort to adverse 
judgments on the qualities of their opponents. 
Thus the advocates of the newer radicalism 
charge that those who disapprove of it are 
lacking in courage, have not the physical stam- 
ina to sustain the long ordeals of such opera- 
tions, nor the elasticity of mind to welcome in- 
novations. The other group, in turn, say that 
the radicals seek personal prestige and practice 
at the expense of the patient's best interests, 
that they are handicraftsmen not physicians, 
and that showmanship rather than judgment 
guides them. Now while one may admit that 
there is a trace of truth in both sets of charges, 
the great truth that lies behind these ad ho- 
minem arguments is that two great conflicting 
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currents are present in every field of human 
activity. In painting, sculpture, music, and 
literature, the advance guard confronts the 
traditionalist. In religion there is division be- 
tween the fundamentalist and the modernist. 
In politics the conservative and the radical 
dispute for men’s minds. Nor is this a new 
and recent state of affairs. At every moment 
of human history, mankind has been divided 
between those who desire to improve and cor- 
rect what they consider the evils of their day 
and those who seek to preserve from destruc- 
tion what they hold valuable in the status quo. 

A new political and social philosophy led to 
the triumphs and also to the horrors and ex- 
cesses of the French Revolution. On the other 
hand the whole basis of civilization rests on 
the fact that man is essentially a conservative 
animal. He can transmit and preserve from 
generation to generation the fruits of experi- 
ence, the appreciation of the virtues learned 
by his forebears, the preservation of standards 
of conduct, social relations and beliefs embod- 
ied in laws, customs, and traditions. The 
whole development of science depends on the 
continuance of learning, building new in- 
crement on the firm foundations already built. 

In short, we must see human progress equally 
dependent on the sturdy retention of the 
proved good, and the adventurous search for 
the unknown better. The automobile without 
brakes is a dangerous agent of destruction. 
The automobile without an engine is simply a 
pile of metallic junk. 

The philosophy of this situation was well 
known to the Greeks as the golden mean. It 
has a direct bearing on the problem of our sub- 
ject in this paper and indeed offers its solution. 

We must study carefully the limitations, as- 
well as the possibilities, of the new ultraradi- 
calism in the surgery of malignant disease be- 
fore its proper place and useful employment 
can be determined. 
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PRIMARY TUMORS OF THE DUODENUM 
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MELVIN P. OSBORNE, M.D., F.A.C.S., Brookline, Massachusetts 


ECENT experience with successful sur- 
gical resection of two primary car- 
cinomas of the third portion of the 
duodenum stimulated a review and 

report of the cases of primary tumors of the 
duodenum seen at Boston City Hospital. 

These tumors are rare but important be- 
cause of increasing accuracy in diagnosis and 
successful surgical resection. Numerous arti- 
cles have summarized scattered reports of 
duodenal malignant tumors, but only a few 
contain statistics on benign lesions. Benign 
lesions only occasionally give rise to clinical 
manifestations and are usually incidental find- 
ings at autopsy. Malignant lesions frequently 
metastasize before becoming symptomatic 
and, until recently, surgical resection had not 
been attempted or successful because exten- 
sion had occurred by the time the diagnosis 
was made. 

INCIDENCE 

Raiford reported that benign tumors were 
found in the small intestine in 0.16 per cent of 
56,500 autopsies. Most of these appeared in 
the duodenum and ileum. Among benign tu- 
mors of the duodenum collected in 1945 by 
Hoffman and Grayzel (2) there were 21 adeno- 
mas, II myomas, 8 pancreatic rests, 7 adeno- 
mas of Brunner’s glands, 5 hemangiomas, 4 
lipomas, 2 fibromas, 2 cystic tumors, 2 lymph- 
angiomas, 1 fibroadenoma, 1 argentaffinoma, 
I gastric rest, and 1 fibromyoma. 

Malignant tumors of the duodenum, ac- 
cording to Ewing, constitute 2 to 3 per cent of 
all the neoplasms of the gastrointestinal tract. 
Of the 228 cases of cancer of the small intes- 
tine collected by Hoffman and Pack (3), 45 
per cent occurred in the duodenum and 55 per 
cent in the jejunum and ileum. The common- 
est location was the second portion of the 
duodenum and the next commonest the lower 
end of the ileum. Based on the occurrence in 
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487,695 collected autopsies, Kleinerman, in 
1950, found the incidence of primary cancer of 
the duodenum to be 0.035 per cent. 

Most malignant tumors of the duodenum 
are carcinomas and based on their anatomic 
site have been classified as supra-ampullary, 
periampullary and infra-ampullary. Of the 
455 accepted cases of primary carcinoma of 
the duodenum in the literature up to 1948, 102 
or 22.5 per cent were supra-ampullary, 268 or 
59.2 per cent were periampullary and 83 or 
18.3 per cent were infra-ampullary. Several 
authors agree that periampullary lesions occur 
more commonly, but this is an extremely dif- 
ficult point to assess because carcinoma aris- 
ing in the head of the pancreas, the ampulla of 
Vater, or in the bile ducts may be difficult or 
impossible to differentiate from carcinoma 
arising in the periampullary duodenal mucosa. 
Both benign and malignant tumors of the 
duodenum tend to occur in the middle and 
older age groups. Malignant tumors have 
been reported in the age range of 26 to go 
years with an average of 52 to 55 years. Males 
predominate with a ratio of about 3:1. 

The etiology of both benign and malignant 
duodenal tumors is unknown. The majority 
of the carcinomas appear to arise in duodenal 
mucosa. An occasional one may arise from 
malignant degeneration of an ulcer as sug- 
gested by Jefferson. Anaplastic changes in 
Brunner’s glands and polyps are possible 
sources, but again are not often seen. Twenty- 
three and one-half per cent of heterotopic 
pancreatic rests arise in the wall of the duo- 
denum. Such factors as the irritative proper- 
ties of bile, pancreatic and gastric juices, and 
the anatomic fixation of the duodenum have 
been considered predisposing but not causa- 
tive elements. 


MATERIAL FOR STUDY 


Twenty-three primary tumors of the duode- 
num have been see at the Boston City Hospi- 
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TABLE I.—BENIGN TUMORS OF THE DUODENUM 


Gross 
description 


| 
| 


= 


Other 


Microscopic 
features 


| diagnosis 





Duodenum 
| cm. diameter 


| Two nodules of yellow tissue, 0.6| Argentaffinoma 


Incidental finding 





First portion duodenum 





White nodule, 1 x 1 cm. diameter| Argentaflinoma 


Incidental finding 








| First portion duodenum 
| 
| | 


Second portion duodenum | Polypoid mass 3 x 2.5 cm. 





First portion duodenum 





Duodenum 





eter 


| Second portion duodenum 
| 





| Third portion duodenum 
ameter 


| White nodule, 0.3 cm. diameter| Argentaffinoma 


| White nodule, 0.8 cm. diameter) Leiomyoma 


| Two nodules, each 0.3 cm diam-| 1 Leiomyoma 


| Pedunculated mass 1.3 cm. length, Lipoma 


| Submucosal nodule, 0.5 cm. di-; Lipoma 


Incidental finding 


| Neurofibroma Jaundice due to obstruction of 
ducts (see text) 








| Incidental finding 


| Von Recklinghausen’s disease; 
hemangioma of ileum; meningi- 


1 Neurofibroma 
| oma 





| G.I. hemorrhage of undetermined 


| origin; cerebral hemorrhage 





| Incidental finding 
| | 





tal in the past 50 years. Eight of these were 
benign and 15 were malignant. Three carci- 
nomas were surgically resected, 2 of which are 
herein reported. Twenty of the lesions were 
found in 25,000 autopsies at the Mallory Insti- 
tute of Pathology. 


PATHOLOGIC SUMMARY 


Benign tumors (Table I). Eight cases are 
presented, representing an incidence of 0.032 
per cent. Three occurred in males and 5 in 
females with ages ranging from 54 to 75 
years. Three of the lesions were argentaffino- 
mas, 2 of which were in the first portion of the 
duodenum; the location of the third was not 
given —2 of these have been reported previ- 
ously (7). Two were neurofibromas, one in the 
second portion of the duodenum, the other not 
given. Two were lipomas, one in the second 
portion and one in the third. One patient had 
both a leiomyoma and a neurofibroma. Pan- 
creatic and gastric rests are not included in 
this series. 

In 7 of these patients the tumors were inci- 
dental findings. One patient (Case 4) had a 
polypoid neurofibroma which measured 3 by 
2.5 centimeters and which was located just 
above the separate entrances of the common 


bile and pancreatic ducts which were 2 milli- 
meters apart. Structurally this tumor did not 
encroach upon the ducts, but during life it 
probably compressed their -ostia with inter- 
mittent obstruction. The patient had been 
jaundiced. At autopsy there was fat necrosis 
of the pancreas, acute cholecystitis with em- 
pyema of the gallbladder, acute cholangitis, 
and pericholangitis. Another patient (Case 7) 
had a pedunculated lipoma in the second por- 
tion of the duodenum with massive gastroin- 
testinal hemorrhage and cerebral hemorrhage. 
At autopsy no bleeding point could be found 
in the gastrointestinal tract and no mucosal 
ulceration could be seen over the tumor. 

Malignant tumors (Table I1). Fifteen cases . 
are presented. Twelve of these are autopsied 
cases and represent an incidence of 0.048 per 
cent. Six of these tumors have been pre- 
viously reported by Nickerson and Williams. 
Three were surgically resected; 2 will be dis- 
cussed further. The third patient underwent 
radical pancreatoduodenectomy in 1938 but 
died 2 weeks after operation. 

Of the 15 tumors, 3 were sarcomas and 12 
were carcinomas. Seven were in males and 8 
in females with ages ranging from 30 to 78 
years. Five of the lesions were supra-ampul- 
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TABLE II.—MALIGNANT TUMORS OF THE DUODENUM 


PRIMARY TUMORS OF DUODENUM 





Site of 
tumor 


Gross 
description 


Microscopic 
diagnosis 


Metastases 


Other 


features 





Supra-ampullary 


Annular mass 2.5 cm. 
from pylorus 5x3x3 
cm. 


Adenocarcinoma 


Liver 





Supra-ampullary 


Ulcerated 3.3 cm. 


Adenocarcinoma 


Falciform ligament, retroperi-| 
toneal and mesenteric nodes 


Vomiting 8 mos.; hypochromic 
anemia 





Vomiting 1 yr.; epigastric pain 
and jaundice; stone in com- 
mon duct 





Infra-ampullary 





Villous mass 3x3 cm. 





Adenocarcinoma 





Periampullary 


Fungoid mass 5.4 cm. 


Adenocarcinoma 


Liver, peritoneum, periaortic 
nodes 





Dyspnea, weakness, pain—2 
mos.; gastroenterostomy for 
perforated gastric ulcer 4 yrs. 
previously 





Peripancreatic, gastrohepatic 
and periaortic nodes 


50 lb. weight loss in 1 year; 
vomiting 





| 
| 2 cm. ulcer 


| 


Adenocarcinoma 


Liver, lung, periaortic nodes, 
compression of common duct 


| Abdominal pain; vomiting, 
| jaundice 3 weeks’ duration; 
also ca. of prostate 





Supra-ampullary 


| Supra-ampullary 


Annular infiltrative tu- 
mor, size not given 


| —__—_—_— 


| Adenocarcinoma 


Peripancreatic and periductal 
lymph _ nodes, lungs, liver, 
adrenals, bone marrow 


15 lb. weight loss 3 wks., weak- 
ness, dyspnea, jaundice 





| Supra-ampullary 


Ulcerated 2x1 cm. 


Adenocarcinoma 


Carcinomatosis peritonei 





Periampullary 


Polypoid mass 5 cm. 


Adenocarcinoma, com- 
mon duct not involved 


None 


Perforated with peritonitis 








G.I. bleeding; congestive failure 
| 








6x8 cm. annular mass 2} Adenocarcinoma 


cm. from pylorus 


Supra- and periam- 
pullary 





Infra-ampullary | 


Annular constricting 3} Adenocarcinoma 
cm. | 


| | 








Invasion of common duct Wt. loss, dyspnea, ankle edema; 


congestive failure 





| Surgical resection 





Ulcerated annular mass! Adenocarcinoma 
6 cm. lengt | 


Infra-ampullary 


Infra-ampullary 


Ulcerated 7 cm. mass 





| Lymphatics and 1 out of 7 re-| Surgical resection 
gional lymph nodes 





| Surgical resection; hepatic me- 
tastases at autopsy 





Leiomyosarcoma 


bdominal pain, weakness 





| Leiomyosarcoma 
| brosarcoma 





Ulcerating tumor 3X3! Leiomyosarcoma 
cm. 


| Infra-ampullary 


or fi-| Peritoneum, pleura, liver, re-| Abdominal pain, nausea, vom- 
troperitioneal fat | iting, obstipation. Ca. of rt. 
kidney with no metastases 





| None | Wt. loss, abdominal pain, diar- 
| | rhea 2 mos. duration 





lary, 4 periampullary, and 5 infra-ampullary. 
Two sarcomas were periampullary and 1 infra- 
ampullary. Five of the lesions were ulcerated, 
1 having perforated with generalized peritoni- 
tis. Five were annular and 2 were polypoid 
tumors. Two were described as fungating 
masses and 1 was villous. Extension or metas- 
tasis was present in 10 (66 per cent) of the 
cases. Lymph node involvement was de- 
scribed in 6, metastasis to the liver in 6, peri- 
toneum in 3, lungs in 2, and 1 each to the 
adrenals, bone marrow, pleura, falciform liga- 
ment, and common bile duct. 


During the period of time covered by this 
study, there were 14 ampullary carcinomas 
described. It is impossible to determine 
whether these tumors originated in ductal or 
duodenal mucosa. From a surgical or physio- 
logic point of view it makes little difference. 


SURGICAL ASPECTS 


Benign tumors. Benign tumors of the duo- 
denum when diagnosed can usually be treated 
by local excision. Generally their presence 
will be manifested by hemorrhage or obstruc- 
tion, and they can be demonstrated by x-ray 
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studies or visualized at duodenotomy. If the 
common bile or pancreatic ducts are ob- 
structed, a transplantation of the ducts or a 
shunt procedure may also be necessary. 

Malignant tumors. Resection of malignant 
lesions of the duodenum is often not feasible 
because the majority of patients (66 per cent) 
have metastasis at the time of diagnosis. Pal- 
liative procedures such as gastroenterostomy, 
duodenojejunostomy, and biliary decompres- 
sion have been reported with an average sur- 
vival time of 21 months. In those patients 
with localized lesions we believe that at- 
tempted cure, radical resection of the duode- 
num and pancreas when necessary, or seg- 
mental duodenectomy as reported herein 
should be considered. Reported survivals 
range from 3 months to 3 years. Most local- 
ized infra-ampullary carcinomas of the duode- 
num have been treated by segmental resection 
and end-to-end anastomosis of the duodenum 
and the upper jejunum. Among about 70 
proved cases of primary infra-ampullary duo- 
denal carcinomas reported by 1950, Shallow, 
Wagner, and Manges found that 13 of the 15 
resected cases had some type of segmental 
resection with survivals of 3 to 6 years. Expe- 
rience to date suggests that segmental resec- 
tion rather than radical pancreatoduodenec- 
tomy is the treatment of choice, since a com- 
parable survival time seems to be obtained 
with lower mortality and morbidity. Duode- 
nal carcinoma seems to resemble that of the 
left colon in terms of rate of growth, percent- 
age involvement of liver and distant metas- 
tatic sites, and survival time after palliative 
operations. It is not associated with the char- 
acteristic early, wide metastases and short 
survival time of carcinoma in the stomach or 
pancreas. 

Two primary infra-ampullary carcinomas 
of the duodenum have been segmentally re- 
sected on the Fifth Surgical Service at the 
Boston City Hospital. 


REPORT OF CASES 
CasE 1. H.K., a 71 year old widowed white fe- 
male, was admitted to the Fourth Medical Service in 
February 1950 because of progressive weakness and 
epigastric pain. Present illness consisted of 1 year of 
increasing migrating upper abdominal and perium- 
bilical cramping and burning pain with some knife- 


like radiation pain to the left chest and back. Symp- 
toms came in attacks lasting about 30 minutes and 
were associated with weakness and profuse perspira- 
tion, and occasionally nausea and vomiting, some- 
times coffee-ground and with occasional black and 
tarry stools. There was a 5 pound weight loss. Past 
and family history were not contributory. Examina- 
tion demonstrated a normally developed, obese, pale 
female with marked upper abdominal tenderness. 
Laboratory studies were normal except for a hemato- 
crit of 26 per cent with correspondingly low hemo- 
globin. The stools were guaiac and benzidine nega- 
tive, and gastric analysis showed free hydrochloric 
acid without histamine stimulation. X-ray examina- 
tion demonstrated a rigid area of narrowing 14 centi- 
meters beyond the pylorus, interpreted as indicating 
carcinoma of the third portion of the duodenum. 
Roentgenograms for metastasis were negative. 

Operation was planned but delayed because of a 
superficial migrating thrombophlebitis involving 
both legs which was treated with elastic bandages. 
On the fifteenth hospital day, after 2 blood transfu- 
sions, exploratory laparotomy disclosed a 2 centi- 
meter firm, circumferential, localized lesion of the 
third portion of the duodenum lying behind the 
superior mesenteric vessels. This was resected along 
with duodenum up to a point 1 centimeter from the 
ampulla of Vater with 26 centimeters of the upper 
jejunum and attached mesentery. End-to-end anas- 
tomosis of the jejunum, which had been passed be- 
hind the superior mesenteric vessels, was accom- 
plished over clamps with a single row of interrupted 
Halsted mattress sutures of fine silk. Pathologic 
study of the specimen reported a duodenal adeno- 
carcinoma with involvement of 1 of 7 lymph nodes 
examined. The patient’s postoperative course was 
uneventful. She was maintained on gastric suction 
for 4 days and then started eating a convalescent 
ulcer type of diet. A 6 day course of intramuscular 
heparinization was undertaken on the second post- 
operative day because of recrudescence of throm- 
bophlebitis. The thrombophlebitis cleared and the 
patient was discharged on her fourteenth postopera- 
tive day. Twenty-five months after operation the 
patient continued to be in good health with no sug- 
gestion or recurrence of the malignant disease. How- 
ever, recently she was readmitted to the Boston 
City Hospital with jaundice and was found to have 
local recurrence of the duodenal tumor at operation. 
A palliative cholecystoenterostomy and gastroen- 
terostomy were done. 

CAsE 2. R.M., a 53 year old white housewife, was 
admitted to the Fifth Surgical Service of the Boston 
City Hospital on January of 1951 because of ab- 
dominal bloating after eating, increasingly persist- 
ent, dull, cramp, nonradiating epigastric pain, and 
vomiting of 3 months’ duration. Symptoms usually 
occurred after eating and were relieved by vomiting. 
No blood had been noticed and no tarry stools. 
There was a 15 pound weight loss and increasing 
fatigability and weakness. Past history and family 
history were not remarkable. 
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Examination demonstrated a normally developed, 
moderately obese female who was in no distress. The 
abdomen was negative to examination except for 
lower abdominal scar (cesarean section 27 years be- 
fore) with a small hernia through it. Laboratory 
examinations were not remarkable except for stool 
guaiac test 3+. Hematocrit was 39 per cent. X-ray 
studies demonstrated nonopaque calculi in the gall- 
bladder, diverticulosis of the sigmoid colon and a 
partly obstructing right lesion in the third portion 
of the duodenum, interpreted as carcinoma. On the 
eighth hospital day, after gastric decompression, 
exploratory operation was undertaken through a 
transverse upper abdominal incision. There was a 3 
centimeters long, napkin-ring like, circumferential 
lesion which partially obstructed the third portion of 
the duodenum behind the superior mesenteric ves- 
sels without any fixation to adjacent structures. No 
evidence of metastasis could be identified. There- 
fore, the duodenum was resected from a point just 
below the ampulla of Vater down to include 20 
centimeters of the upper jejunum with its attached 
mesentery. The upper jejunal stump was passed 
behind the superior mesenteric vessels and an end- 
to-end anastomosis was made by using a seromuscu- 
lar layer of interrupted horizontal mattress sutures 
of fine silk over an inner continuous fine catgut su- 
ture through the bowel wall. The patient’s post- 
operative course was fairly uneventful with moder- 
ate obstructive difficulties for about 1o days, but 
after that the ability to take a progressive ulcer type 
of diet. 

The patient remained in good health for 1 year 
but was readmitted to the Fifth Surgical Service in 
January of 1952 because of upper abdominal pain, 
weight loss, weakness, and vomiting. Exploratory 
laparotomy was undertaken to determine any possi- 
ble palliative surgery or possibly to perform chole- 
cystectomy if symptoms were best explained by the 
known gallbladder disease. The patient was found 
to have a large tumor mass growing in the root of 
the mesentery near the primary branches of the 
superior mesenteric vessels and to have a primary 
carcinoma of the right colon. The area of the old 
duodenal anastomosis was intact and there was no 
gastric dilatation or evidence of obstruction. No 
metastases were observed in the liver. It was be- 
lieved that this patient had a carcinoma of the right 
colon with advanced mesenteric metastases as the 
explanation for her difficulty. Biopsy studies com- 
paring a biopsy of the metastatic tumor mass with 
sections taken from the tumor in the right colon and 
the original duodenal tumor showed an adenocar- 
cinoma, the histologic structure of which resembled 
the colonic tumor more than the original duodenal 
tumor. A palliative terminal ileectomy and right 
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colectomy with end-to-end transverse colostomy 
were performed. This patient died in May of 1953 
and was found to have had recurrence of duodenal 
tumor rather than metastatic disease from the car- 
cinoma of the right colon at autopsy. 


Thus, it seems clear that in these 2 cases, 
at least, cure might only have been sought 
by a more radical pancreatoduodenectomy. 


SUMMARY 


Twenty-three primary tumors of the duo- 
denum, 8 benign and 15 malignant, are pre- 
sented. Twenty of these tumors, 8 benign and 
12 malignant, represent an incidence of 0.08 
per cent in 25,000 autopsies. There were 3 
argentaffinomas, 2 neurofibromas, 2 leiomyo- 
mas, 2 lipomas, 12 carcinomas, and 3 sarco- 
mas. Sixty-six per cent of the malignant tu- 
mors showed metastasis. 

Three adenocarcinomas were surgically re- 
sected. Two of these were infra-ampullary 
localized lesions and had segmental resection 
of the duodenum with survival. Both cases, 
presented in detail, had end-to-end anastomo- 
sis beneath the superior mesenteric vessels. 
One patient is alive and well 12 months after 
operation. Twenty-five months after resec- 
tion the other patient had a new carcinoma of 
the cecum with inoperable metastases. 
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RELIEF OF POSTTHORACOTOMY PAIN 


W. RALPH DEATON, JR., M.D., Greensboro, North Carolina, and 
H. H. BRADSHAW, M.D., F.A.C.S., Winston Salem, North Carolina 


HE control of pain following thoracic 

surgery is a problem of considerable 

magnitude. It is imperative that the 

patient breathe deeply and cough 
frequently to keep the lungs fully aerated and 
to prevent bronchial secretions, purulent ma- 
terial, and at times blood, from accumulating 
and causing atelectasis. If analgesics are with- 
held or given only insmall amounts, pain tends 
to inhibit deep breathing and coughing. Anal- 
gesics in a sufficient amount to control the 
pain fully usually diminish the cough reflex 
and respiratory excursion, to permit the same 
result as occurs if analgesics are withheld, 
namely, atelectasis. Thus, a compromise is 
usually attempted, with the hope that suffi- 
cient analgesic can be given to control the 
pain, without depression of respiratory vol- 
ume or coughing. This balance is difficult to 
achieve. Jn the surgical treatment of pulmo- 
nary tuberculosis the problem becomes even 
more important than in other thoracic sur- 
gery, as the danger of dissemination of the 
disease through retained sputum is always 
present. 

The value of intercostal nerve block in re- 
lieving pain of thoracic origin is common 
knowledge. However, with the usual local 
anesthetic (procaine), the duration of anesthe- 
sia is only a matter of a few hours, and the 
repeated injections necessary for prolonged 
anesthesia shortly become obnoxious to both 
the patient and the doctor. Blades and Ford 
introduced a method of producing continuous 
intercostal blocks through the use of minute 
plastic catheters threaded down to the perti- 
nent intercostal nerves, and through which 
procaine is administered every 3 hours. The 
catheters are inserted at the completion of the 
operative procedure and are brought out of 
the wound in a novel manner that facilitates 
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the repeated administration of procaine. This 
is indeed an improvement over repeated per- 
cutaneous injections of procaine but demands 
a fair amount of attention, and can be used 
only to relieve postoperative pain. 

Several reports on the satisfactory perform- 
ance of a new long-lasting local anesthetic so- 
lution, efocaine, for the relief of postoperative 
pain following various surgical procedures 
prompted a trial of it to induce intercostal 
nerve block for relief of pain following various 
thoracic operations. In view of the variabil- 
ity of the pain threshold from one patient to 
another, as shown beautifully by Papper in a 
study of postoperative pain, it was decided to 
use patients requiring multiple operative pro- 
cedures as controls. Even numbered patients 
with planned multiple procedures, such as rou- 
tine thoracoplasty or tailored thoracoplasty 
following resection, received an efocaine block 
at the second operation, while odd numbered 
patients were blocked at the first and third 
operations (a third operation was performed 
in 6 cases). Thus, patients served as controls 
for themselves, a particularly satisfactory 
method of control, in view of this variability 
of the pain threshold. Neither the patients 
nor the ward nurses knew which patients re- 
ceived efocaine; the postoperative orders were 
precisely the same in either case. 

As an objective method of evaluating the 
effect of efocaine, the doses of analgesics given . 
on the day of operation and the first 3 post- 
operative days were tabulated. Also, skin an- 
esthesia was tested by sensitivity to pin prick, 
but never until after the fifth day, so as not 
possibly to influence the patients’ require- 
ments of morphine. Subjectively, the pa- 
tients’ volunteered remarks concerning a com- 
parison of the discomfort encountered during 
the various procedures were noted, and, fur- 
ther, the patients were questioned on this 
point after complete recovery had occurred. 
The patients were never told that they had 
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received anything at the time of the operation 
for the relief of pain. 


METHOD OF USE 


Intercostal nerve blocking at the time of 
operation is usually quite simple. The nerve 
runs in a shallow groove on the inferior mar- 
gin of the corresponding rib. Thus, with the 
chest open, by palpating the pleural surface 
of the rib with one hand, and the inferior mar- 
gin of the rib with the needle tip, the injected 
solution can be accurately placed. If a nerve 
is actually exposed during resection of the rib, 
then the nerve can be directly injected. One 
cubic centimeter of efocaine per nerve is suffi- 
cient ; the nerve or nerves corresponding to the 
resected rib or ribs are injected, with the two 
immediately adjacent nerves above and be- 
low. For relief of pain other than operative, 
percutaneous injection is used, with the usual 
technique of intercostal block being followed, 
but 2 cubic centimeters of solution are used to 
insure adequate contact with the nerve. The 
solution must be placed accurately, as very 
little diffusion occurs. If the patient is not 
anesthetized, then procaine anesthesia should 
be first induced to prevent the sudden but 
short lasting stinging pain that occurs when 
efocaine is injected into unanesthetized tissue. 


MODE OF ACTION 


The active ingredients of efocaine are pro- 
caine (1 per cent), procaine hydrochloride 
(0.25 per cent), and butyl-p-aminobenzoate 
(5 per cent). The solvent is a mixture of poly- 
ethylene glycol-300 and propylene glycol, with 
phenyl mercuric borate (1:25,000) added for a 
preservative. When this solution comes in 
contact with the tissue fluids the active in- 
gredients, being only slightly soluble in water, 
are precipitated out to form a crystalline depot 
(the solvent is rapidly absorbed). The crystal- 
line depot is slowly absorbed over a period of 
days, providing a local anesthetic action until 
it is absorbed. Any nerves bathed by the ab- 
sorbing fluid are completely blocked. Mann- 
heimer has reported that efocaine causes se- 
vere nerve destruction in animals, and believes 
that the beneficial action of efocaine is due to 
the actual nerve destruction. Hall apparently 
concurs in this belief. However, Weinberg 
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found that “the subcutaneous, intramuscular 
and perineural injection of efocaine produces 
no significant permanent damage to the tis- 
sues involved and is of the same order as that 
seen following the injection of procaine.” Clin- 
ical results indicate the validity of Weinberg’s 
experimental results. It is known that regen- 
erating nerve fibers grow at a rate of approx- 
imately 2 millimeters daily. The average 
length of anesthesia following efocaine block- 
age of intercostal nerves is 15 days. The in- 
tercostal nerves in even a small woman are 
approximately 30 centimeters long. Thus, if 
a nerve was destroyed and wallerian regenera- 
tion occurred, as Mannheimer says does occur, 
anesthesia should persist for 150 days! This 
has not been observed. 


RESULTS 

Eighty-four patients having a single opera- 
tive procedure (such as lobectomy, pneumo- 
nectomy, esophageal resection, ligation of pat- 
ent ductus arteriosus, decortication) had an 
efocaine block induced during the procedure. 
Of these eighty-four, 65 had a satisfactory re- 
sult, as judged by the patients’ analgesic re- 
quirements, early mobility, acquiescence when 
requested to cough, skin anesthesia, and gen- 
eral well being. The average morphine re- 
quirement for this group of patients was 17 
milligrams per 24 hours for the first 96 hours 
postoperatively. The other 19 patients were 
judged to have a less than satisfactory result; 
each patient in this classification received an 
average of 115 milligrams of morphine in the 
first 96 hours, or 29 milligrams per 24 hours. 

Sixteen patients had at least 2 thoracic op- 
erations each, for a total of 38 operations. Efo- 
caine intercostal block was induced on each 
patient during at least 1 procedure, for a total 
of 18 procedures. The daily requirement of 
morphine per patient per day, following the 
procedures accompanied by the intercostal 
block, was 18 milligrams. The average daily 
requirement of morphine for the control pa- 
tients was 33 milligrams. 

An area of skin anesthesia was obtained in 
every patient on whom efocaine was used. 
However, in the “unsatisfactory result” cases 
the area was often incomplete, being confined, 
for example, to an area of skin below or above 
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the incision. In the successful cases, the anes- 
thetic area included a band of skin 12 to 15 
centimeters wide centered on the incision. 

The duration of skin anesthesia varied from 
10 to 26 days, with an average of 15.2 days. 
Puderbach and Shaftel noted an average dura- 
tion of anesthesia of 14.2 days, following efo- 
caine intercostal block to relieve upper ab- 
dominal postoperative pain. 

No complications in any way related to the 
use of efocaine have been observed. 


DISCUSSION 


The evaluation of the efficacy of various 
drugs to relieve postoperative pain is a process 
fraught with pitfalls. Patients always expect 
pain; other patients, as well as well meaning 
relatives and friends, have warned of pain that 
will follow any operation. Postoperatively, 
both the nursing and house staffs inquire so- 
licitously as to the amount of pain that is pres- 
ent. It would take a stoic of no mean degree 
to withstand the psychologic impact of such 
multiple suggestions. The skin anesthesia that 
goes with a successful intercostal block affords 
an objective measure of testing the efficacy of 
the block, regardless of the presence of pain. 
The patients with excellent results had good 
skin anesthesia in every case. Those with less 
than excellent results usually had incomplete 
areas of anesthesia, but at times a patient with 
an excellent area of anesthesia would require a 
maximum of analgesics. 

Blades and Ford, in evaluating the effective- 
ness of repeated novocain intercostal blocks 
administered via indwelling plastic tubes, 
found that the subjective benefits were more 
impressive than the reduction of amount of 
analgesics necessary. It is interesting to note 
that in their series of 36 patients, the ratio of 
morphine required by treated patients (1,823 
mgm.) to morphine required by a similar num- 
ber of control patients (2,959 mgm.) is 60 per 
cent. In the present study this ratio is 58 per 
cent, thus seemingly indicating that. either 
method offers approximately the same degree 
of pain reduction. It also appears that it may 
be impossible to alleviate completely the need 
for analgesics, even with a 100 per cent effec- 
tive block. Further evidence for this concept 
is found in the analgesic requirements of 2 pa- 


SURGERY, GYNECOLOGY AND OBSTETRICS 


tients each of whom had a malignant tumor 
involving the chest wall. Both patients, pre- 
operatively, were having severe pain, but se- 
cured complete relief with percutaneous efo- 
caine block of the involved intercostal nerves. 
At operation in each case a portion of the chest 
wall was resected, and the intercostal nerves 
that innervated the affected segments were di- 
vided. Nevertheless, analgesics were required 
postoperatively to practically the same extent 
(an average of 17.5 mgm. per day for the first 
4 days) as for the patients who had had a suc- 
cessful postoperative block. 

Each of the cases of unsatisfactory result 
fell into one of three categories: (1) Second or 
third stage thoracoplasties, or Schede thora- 
coplasties. In such operations it is impossible 
to localize accurately the nerves that corre- 
spond to the previously resected ribs; thus, 
accurate placement of the anesthetic solution 
is impossible to achieve. (2) Failure to inject 
a sufficient number of nerves (at least 2) above 
and below the immediately affected nerve. 
(3) Drainage tubes inserted through an inter- 
space outside of the anesthetized area. 


SUMMARY 


It appears that efocaine block of the perti- 
nent intercostal nerves will afford approxi- 
mately a 50 per cent reduction in the amount 
of analgesic required after thoracotomy. The 
relief obtained is of the magnitude afforded 
by continuous procaine infiltration via in- 
dwelling plastic tubes or by actual surgical 
interruption of the intercostal nerves. 
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THE DEPOSITION OF RADIOPHOSPHORUS IN 
FRACTURED BONES IN RATS 


G. W. WILKINSON, M.D., and C. P. LEBLOND, M.D., Ph.D., Montreal, Canada 


ADIOPHOSPHORUS may be used to 
study the formation of the mineral 
components of bone. Work with this 
isotope is greatly facilitated by the 

combined use of radioautography and Geiger 
counting (5). In the present investigation, 
these two methods were used jointly in a 
study of bone regeneration after fracture. 

The essential change observed after fracture 
was an increased uptake of radiophosphorus, 
readily detected by Geiger counting. Radio- 
autographs revealed that this uptake was due 
at least partly to the calcification of new bone 
trabeculae appearing at the fracture site. 

In addition, observations made in intact 
areas of the bone revealed the existence of an 
increased uptake of radiophosphorus which 
was not associated with radioautographically 
visible deposition. This phenomenon is at- 
tributed to a widespread reconstruction of 
bony tissue, extending even to nonfractured 
bones. 

METHODS 

A closed, complete fracture of the left 
humerus and an open incomplete fracture of 
the left tibia were made in each one of a 
series of male rats weighing 50+ 5 grams. The 
animals were anesthetized with ether and tied 
to an operating board. The complete fracture 
of the left humerus was produced by grasping 
the foreleg between the fingers and thumb of 
both hands and snapping the bone at its mid- 
portion. The incomplete fracture of the left 
tibia was carried out as follows: the skin over 
the left tibia was cleaned with 70 per cent 
alcohol, and a short vertical incision made 
over the anterior surface near its midpoint. 
The muscles were retracted to expose the 
tibia. With a dental mandril, a transverse cut 
was made through the bone until the bone 
marrow was reached. The skin was then 
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closed with No. 2 cotton sutures. Recovery 
was satisfactory. The day after operation, 
the animals were limping about their cages 
and eating normally. All animals received 
200 microcuries of radiophosphorus by sub- 
cutaneous injection 4 hours before sacrifice. 
Specific activity measurements. Groups of 
2 rats each were sacrificed at 1, 4, 8, 12, and 
19 days after fracture. Both the normal and 
fractured humeri and tibias were removed. 
The diaphyses were separated from the epiph- 
yses in such a way that the epiphysial plate 
was included with the corresponding epiphysis. 
In both epiphysis and diaphysis, a determina- 
tion of the amount of radiophosphorus per 
milligram of total phosphorus was determined. 
This involved a measurement of radioactivity 
and a determination of total phosphorus, both 
operations requiring a previous digestion of 
the bone parts with 2 cubic centimeters of 
concentrated nitric acid and 1 drop of 30 per 
cent hydrogen peroxide. The test tubes were 
heated in a water bath until a dry white 
residue remained. (Control experiments con- 
firmed that phosphate was quantitatively re- 
covered by this method.) The residue was 
dissolved in 5 per cent trichloroacetic acid. 
An aliquot was used for direct estimation of 
the radioactivity in a crucible placed under 
the Geiger counter. Another aliquot was used 
for the colorimetric determination of phos- 
phorus by the method of Fiske and Subbarow. 
Since the trichloroacetic acid evaporates 
quickly, the containers had to be tightly 
covered until the work was completed. Spe- 
cific activity was expressed as per cent of 
injected dose per milligram of phosphorus. 
Radioautographs. A group of 6 animals 
treated as described above were sacrificed at 
4 days after fracture. A few other similar ani- 
mals were sacrificed 1, 2, and 8 days after frac- 
ture. The bones were fixed in a mixture of 75 
per cent alcohol and 25 per cent commercial 
formalin, embedded in celloidin without previ- 
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TABLE I.—SPECIFIC ACTIVITIES OF DIAPHYSES AND EPIPHYSES OF FRACTURED LEFT HUMERI AND 
INTACT RIGHT HUMERI IN 45 TO 55 GRAM RATS WHICH, AT VARIOUS TIME INTERVALS AFTER 
FRACTURE, RECEIVED AN INJECTION OF CARRIER-FREE RADIOACTIVE PHOSPHORUS AND 


WERE SACRIFICED 4 HOURS LATER 





Intact | 
humeral diaphysis | 


Fractured | 
humeral diaphysis 
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ous decalcification, sectioned and coated with 
photographic emulsion according to a previ- 
ously described method (4). 
RESULTS 
The specific activities of bone parts at vari- 
ous times after fracture are reported in Tables 
I and-II. The results obtained with the 
humeral diaphyses (where complete fractures 
were performed) are illustrated in Figure 1. 
Each dot indicates the specific activity ob- 
served in 1 humeral diaphysis, a solid black 
dot corresponding to a fractured bone and a 
double-ringed dot, to an intact bone. The 


two dots of each animal are connected by a 
broken line. In addition, the upper solid line 
joins the mean values for the specific activities 
of the fractured bones at the various time 
intervals. The lower solid line joins the cor- 
responding values for the intact bones. 

The most obvious result is that the specific 
activity of every single fractured humeral 
diaphysis was higher than that of the corre- 
sponding intact bone. The differences were 
slight 1 day after fracture, but large at later 
times. Statistical analysis of paired results by 
Student’s method revealed that the difference 
between fractured and intact humeral diaph- 
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TABLE II.—SPECIFIC ACTIVITIES OF DIAPHYSES AND EPIPHYSES OF FRACTURED LEFT TIBIAS AND 
INTACT RIGHT TIBIAS IN 45 TO 55 GRAM RATS WHICH, AT VARIOUS TIME INTERVALS AFTER 
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yses was statistically significant. There is, 
therefore, a greater uptake of radiophosphorus 
by the fractured than by the intact bone. (In 
the tibia, the difference between saw-cut frac- 
tured and intact diaphyses was on the verge 
of significance.) 

The greatest uptake of labeled phosphate 
was observed at 4 days after the fracture in 
the diaphyses of both humeri (Fig. 1, Table I) 
and tibias (Table II). At later time intervals, 
there was a slow decline in the avidity of the 
fractured bones for phosphate (Fig. 1). While 
there were no normal controls in this experi- 
ment, unpublished work had shown that the 
normal specific activities of the diaphyses of 


humerus and tibia at 2 hours after injection 
averaged 0.08 and 0.05 respectively. A return 
to such values was observed at 19 days in 3 of 
the 4 tibial diaphyses with saw-cut fractures 
(Table II), but only in 1 of the 4 humeral 
diaphyses with complete fractures (Table I). 

Surprisingly, the intact diaphyses sym- 
metrical to the fractured ones also showed a 
greater avidity for labeled phosphorus than 
normally, with a maximum P* uptake also 
at 4 days after fracture (Fig. 1). By 19 days, 
however, the intact diaphyses had returned 
to normal values (Tables I and II). 

The same pattern was distinguishable in the 
epiphyses, with the P*’ uptake being increased 
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on both the fractured and intact sides (Tables 
Iand II). It may be concluded that fractures 
produce an increase in phosphorus uptake by 
the epiphyses and diaphyses of intact as well 
as of broken bones. 

The radioautographs of fractured bones 
were then compared with those of the intact 
bones. The intact bones showed no obvious 
differences: from the usual pattern of P® up- 
take. The midportion of the shaft previously 
referred to as the “cylinder” (5) showed a 
deposition of radiophosphorus on the perios- 
teal surface. The funnel-like subepiphysial 
regions previously referred to as the “funnels” 
showed a deposition of radiophosphorus on the 
endosteal surface. The bony spicules on the 
shaft side of the epiphysial plate showed the 
most intense reaction, while those in the 
epiphysis proper showed a moderate reaction. 
There was no evidence that any of these re- 
actions differed in intensity from those previ- 
ously described in normal growing rats. It 
was concluded that the formation of new bone 
continued in the intact limb. 

In the fractured bones, the epiphysial and 
“funnel” regions also showed apparently nor- 
mal reactions: an intense blackening on the 
shaft side of the epiphysial plate (Figs. 3 and 
4), a moderate reaction on the bone spicules in 
the epiphyses (Figs. 2 and 3) and an endosteal 
deposition of P** in the funnel-like subepiphy- 
sial region (Figs. 3 and 4). 

The ‘‘cylinder” region, where the fractures 
were produced, showed changes characteristic 
of fractures. At 1 day after the trauma, 


nothing abnormal was recognized. By 2 days 
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(Fig. 2), there was an increase in the periosteal 
(P) and endosteal (E) deposition of radio- 
phosphorus. Histologic examination of the 
periosteum showed a rounding up of the nor- 
mally flat osteoblasts (the “‘cambium layer”’ of 
Enneking), as well as an increase in their num- 
ber. Occasionally, small masses giving a 
strong radioautographic reaction appeared be- 
tween the osteoblasts. At 4 days, this perio- 
steal material had blossomed into numerous 
trabeculae of young bone covered with osteo- 
blasts and giving an intense autographic re- 
action. These bone trabeculae (variously de- 
scribed by previous authors as “osteoid,” 
“osteogenic growth,” “new bone’’) stand out 
on the radioautographs due to their intense 
uptake of radiophosphorus (Figs. 3, 5, and 6). 
Such periosteal proliferation is abundant not 
only in complete (PP, Fig. 3), but also in saw- 
cut, fractures (Fig. 5), often extending to a con- 
siderable distance from the site of fracture 
and sometimes even covering the whole length 
of the shaft (Fig. 6). However, periosteal 
proliferation is at a minimum in the immedi- 
ate vicinity of the fracture site (Figs. 5 and 6). 
Finally, the periosteal proliferation did not 
usually extend along the outside walls of the 
funnel (Figs. 4 and 6). An exception to this 
rule may be seen in the lower left of Figure 3. 

Occasionally, some proliferation of bone 
trabeculae from the endosteum was seen (Fig. 
3). These endosteal trabeculae also fixed P® 
intensely. When present, they were usually 
limited to the fracture site. 

It may be noted that fragments detached 
from the bone by the trauma may continue to 
deposit P**. Small reactive fragments may 
be seen in the bone marrow in the lower por- 
tion of Figure 4 and at the fracture site in 
Figure 5. Similar observations were made on 
a few radioautographs at later time intervals. 
(This result lends some support to the prac- 
tice of using bone chips in fracture treatment.) 


DISCUSSION 


The radioactive phosphorus incorporated 
into bone within a certain time interval may 
be considered to consist of at least two frac- 
tions; (1) the phosphate used to make up the 
crystals of bone built during that time, and 
(2) the phosphate introduced onto the surface 
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Fig. 2. 


Fig. 3. 


Fig. 2. Coated radioautograph of humerus 2 days after complete fracture; safranine stain. The 
reactions of the head of the humerus and epiphysial plate visible in the upper part of the picture 
are the same as in intact control animals. In addition, there is an unusually intense deposition of P* 
in some areas of periosteum (P) and endosteum (EZ). This is taken to be a consequence of the fracture. 

Fig. 3. Coated radioautograph of humerus 4 days after complete fracture; unstained. The reaction 
of the head of the humerus and epiphysial plate are the same as usual. Trabecular bone fixing ra- 
diophosphorus intensely has formed in the region of the periosteum (PP) and extends over most of 
the shaft. This periosteal response is missing near the point of contact of the two bone parts. Trabec- 
ular bone fixing radiophosphorus intensely has also formed from the endosteum (EP). This material 
plugs the marrow cavity near the fracture site in the lower bone fragment. 


of the pre-existing crystals by the process of 
iso-ionic exchange. In the present work, the 
role of exchange appeared from the outset to 
be negligible. In young animals crystal sur- 
faces are readily accessible for exchange with 
the circulating phosphate, and there was no 
reason to doubt that this was equally true in 
fractured limbs. It was, therefore, assumed 
that the variations in P* uptake observed in 
this work could not be explained by con- 
siderations of exchange but rather were due to 
variations in the amount of new crystalline 
material present. In order to find out whether 
the results could be explained on this basis, 
the fractured diaphysis and other parts of the 
bones had to be considered separately. 


Fractured diaphysis. Counts of radio- 
activity in the fractured diaphyses of both 
tibias and humeri showed an increase in the 
uptake of radiophosphorus as compared with 
the intact limbs (Fig. 1, Tables I and II). A 
similar increase in P*” uptake by fractured 
bones was also observed by Bohr and S¢rensen 
and by Ruf. Here, the increase was detect- 
able 1 day after the fracture (Fig. 1), al- 
though no unusual phosphate deposition was 
seen on the radioautographs at that time. The 
increase in phosphate uptake was more pro- 
nounced at 4 days after fracture (Fig. 1). 
Radioautographs at 2 and especially 4 days 
showed areas of intense reaction which proved 
to consist of trabeculae of new bone arising in 








Fig. 4. Coated radioautograph of tibia 4 days after 
saw-cut fracture; unstained and slightly overexposed. The 
site of fracture is immediately below the picture. The 
autograph shows from the top down the pronounced 
epiphysial reaction and the endosteal reaction of the funnel 
(£) characteristic of normal animals. Trabecular bone 
formation may be recognized in the periosteal region of the 
lower part of the figure as a thick reacting area on either 
side of shaft (P). (Light circles are artefacts of emulsion.) 

Fig. 5. Coated radioautograph of cylindrical portion of 
tibia 4 days after a saw-cut fracture. The site of fracture 


periosteal and endosteal areas. The presence 
of P® in these trabeculae at 4 days (Figs. 3, 5, 
and 6) may well explain the peak of P** uptake 
observed with the Geiger counter at that time 
(Fig. 1). 

The role played by the new trabeculae of 
periosteal bone in the repair of fractures is not 
obvious. Their intense radioautographic re- 
action indicates that they calcify as soon as 
they are formed; and therefore, they must 
soon be hard enough to play a role in strength- 
ening the fractured bone. Thus, when the 
bone trabeculae spread along most of the shaft 
to form a tube around the diaphysis (Figs. 5 
and 6), they would thus reinforce the original 
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is visible slightly above the center of the picture and on the 
left. The trabecules of new periosteal bone are well devel- 
oped everywhere, except across the bone from the site of 
fracture. A few broken fragments at the site of fracture 
have given rise to small bone trabeculae which show an 
autographic reaction. 

Fig. 6. Coated radioautograph of tibia 4 days after an 
attempted saw-cut fracture which resulted in a complete 
fracture. The new periosteal bone shows an intense reac- 
tion which extends around most of the shaft, except in the 
upper and lower funnel. The endosteal reaction is minimal. 


bone and, at least in complete fractures, serve 
as an anchorage on either side of the break for 
the final bone jacket which fastens the two 
fragments. (This bone jacket is usually 
formed by ossification of the cartilage callus 
appearing in the gap.) The new trabeculae of 
endosteal bone, which are usually limited to a 
small area of the medullary cavity close to the 
site of fracture, may also play a role in 
strengthening the gap. 

Behavior of nonfractured parts of bones. The 
increase in P*” uptake was not limited to the 
fractured diaphysis, but extended to the epi- 
physis of the fractured bones and also to the 
intact bone symmetrical to the fractured one. 
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In all these areas, the increase in specific ac- 
tivity was often considerable, particularly 4 
days after fracture when the amounts of radio- 
activity were sometimes 2 or 3 times greater 
than under normal conditions (Tables I and 
Il). To explain this surprising uptake of 
radiophosphorus in the intact areas of bone, 
examination of radioautographic pictures was 
of little help, as they simply showed that these 
intact areas of bone reacted as usual. Thus, 
the epiphysis of the fractured bone continued 
to show the pattern of growth found in normal 
bone, especially in the region of the epiphysial 
plate, and immediately below. Similarly, the 
uptake of radiophosphorus by the periosteum 
of the nonfractured bone appeared to be nor- 
mal. Thus, there was no visible deviation 
from the normal pattern of P* deposition. 
The problem was to explain how, under such 
conditions, a large increase in radiophosphorus 
may take place. Perhaps, new crystal ma- 
terial is formed throughout the bone, since no 
specific localization would then be apparent 
on radioautographic pictures! Such a phe- 
nomenon might be the result of the action of 
mechanical factors. 

Theoretic and experimental support has 
been presented (3) for the view that “‘pressure”’ 
produces bone resorption (while a negative 
pressure or tension results in bone growth). 
Pressure would have a direct physical effect 
on the solubility of bone crystals. This effect 
(presented in a mathematical form elsewhere, 
3) implies that, when subjected to pressure, a 
crystal will dissolve even if kept in a saturated 
solution. It is likely that, under biologic con- 
ditions also, bone crystals subjected to pres- 
sure will dissolve. 

This hypothesis explains the data obtained 
by Roche and Mourgue in rats with fractures 
(6, 7). These authors found a moderate de- 
crease in phosphate content in both the frac- 
tured bone and the corresponding intact bone. 
This was apparent up to 21 days after frac- 
ture, after which time there was a return to 
normal values. The decreased phosphate con- 
tent in the intact bone implies a dissolution of 
some of the crystals. This in turn may be due 
to the increased pressure which the animals 
bring to bear on the intact limb due to disuse 
of the fractured limb. 
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Such a simple explanation does not account 
for the whole picture. Thus, in the present 
work there was also an increased uptake of 
P® in the intact limbs. Formation of new 
crystal material must have taken place. 

This also may be explained on the assump- 
tion that the pressure bearing on the intact 
limb is increased as a result of the fracture, or 
merely that the direction of this pressure has 
changed. New points of high pressure will ap- 
pear in the bone, and crystal dissolution will 
occur there. As pressed crystals dissolve, the 
interstitial fluid tends to become supersatu- 
rated with respect to the crystals not subjected 
to pressure. The supersaturation will be re- 
duced by growth of these unpressed crystals. 
The crystalline material deposited in the course 
of this process will consist not only of the dis- 
solved crystal ions, but also of circulating 
interstitial phosphate, so that if P*® is present 
it will be included. Thus, an increased specific 
activity will be observed in the intact limb. 

It is concluded that after fracture, there is 
dissolution and reprecipitation of crystalline 
material, not only in the fractured bone but 
also in intact bones far from the seat of injury. 
A fracture may thus produce an extensive 
reconstruction of the skeleton. 


SUMMARY 


Fifty gram male rats were subjected to a 
complete fracture of the humerus and a saw- 
cut fracture of the tibia, both being placed in 
the midportion of the shaft. At various time 
intervals after fracture, the animals were given 
an injection of P® and sacrificed 4 hours later. 
The radioactivity of the bones was localized 
by means of radioautography and quantita- 
tively estimated by Geiger counter measure- 
ments. 

Radioautographs showed that the trabe- 
culae of new bone which appear 2 to 4 days 
after fracture fix radiophosphorus most ac- 
tively (Figs. 3, 5, and 6). Therefore, these 
trabeculae must calcify rapidly and soon play 
a role in strengthening the fractured bone. 

Geiger counter measurements revealed that 
the uptake of radiophosphorus was increased, 
not only in the diaphysis but also in the epi- 
physes of the fractured bone, and even in the 
contralateral intact bone (Fig. 1). These 
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findings are explained by a reconstruction of 
bony tissue extending to bones other than 
those fractured. This reconstruction is at- 
tributed to changes in internal bony pressures, 
which in turn are due to changes in the posi- 
tions and use of body and limbs after frac- 
ture (3). 
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RADICAL GASTRECTOMY FOR BENIGN GASTRIC ULCER 


ALLEN M. BOYDEN, M.D., Portland, Oregon 


HE DISCOURAGING 5 year sur- 
vival rate in patients with carcinoma 
of the stomach has led to increasing 
interest in formulating a more ade- 
quate attack against this disease. Earlier 
diagnosis is of the greatest importance. How- 
ever, because of the vagueness and often com- 
plete lack of symptoms in the early stages, the 
majority of patients still present themselves 
for treatment after the lesion is advanced. It 
would seem necessary, therefore, to consider 
more aggressive surgical treatment if improve- 
ment in end results is to be forthcoming. 

Although gastrectomy was one of the early 
surgical operations within the abdomen, and 
is still one of the most common, it is strange 
that surgeons have failed to apply the same 
principles in attacking carcinoma of the stom- 
ach that they have long agreed upon when 
approaching malignant lesions elsewhere in 
the body. For example, it is unthinkable that 
simple mastectomy should be performed in 
operable cases of carcinoma of the breast. Yet 
“simple” subtotal gastrectomy has been prac- 
ticed for years by the majority of surgeons in 
their planned attack upon obvious carcinoma 
of the stomach. Despite the writings and 
teachings of such men as Coller, Wangen- 
steen (24), Lahey (13), Ochsner, and Pack and 
McNeer, “radical” gastrectomy, subtotal and 
total, is not the usual practice even today. The 
lymphatic drainage of the stomach is still 
commonly ignored. 

The probable reasons for this are several. 
Undoubtedly, the most important one is the 
fact that subtotal gastrectomy is the accepted 
surgical treatment for duodenal and benign 
gastric ulcer. Since these are common surgical 
lesions and since the consideration of lymphat- 
ic drainage has no bearing in their treatment, 
the habit of simple partial gastrectomy is con- 
tinually being strengthened. Once acquired, 
this habit is perhaps difficult to break when 
carcinoma of the stomach is encountered. 
That such a limited technique is a prevalent 
practice is confirmed by McNeer and his as- 
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sociates in their study of resection survivors 
eventually coming to autopsy. 

Furthermore, the lymphatic drainage of the 
stomach is complex. The lymphatics of the 
stomach drain into all of its attached and sup- 
porting omenta and ligaments instead of in 
one direction as, for example, the lymphatic 
drainage of the cecum and ascending colon 
into their adjacent mesentery. This makes en 
bloc dissection more difficult. In addition, the 
common attitude of relative hopelessness of 
cure in malignant lesions of the stomach has 
led to the common practice of removing the 
primary lesion, “picking out” the obviously 
involved adjacent lymph nodes and “calling 
it a day.” When it is realized that at least 75 
per cent of gastric carcinomas resected with 
hope of cure have already metastasized to 
lymph nodes as shown by Coller and his asso- 
ciates, is it any wonder that so few patients 
survive 5 years? Obviously, any increase in 
the percentage of 5 year survivors must result 
from more aggressive surgical attack based on 
anatomic and pathologic facts as they pertain 
to the disease. 

The earliest carcinomas coming to operation 
are the gastric ulcers which prove to be malig- 
nant. Since it is admittedly difficult, and 
often impossible, to determine malignancy 
from examination preoperatively or at the op- 
erating table as shown by Allen and Welch, 
Lahey (10, 11), Ransom and Wangensteen 
(23), the majority of the malignant ulcers 
are treated completely inadequately as far 
as removal of the lymphatic spread is con- 
cerned. The common surgical practice for gas- 
tric ulcer is simple removal of the lower two- 
thirds of the stomach. For the ulcer proving 
to be malignant such an operation is entirely 
comparable to removing the cecum for carci- 
noma without resecting the right mesocolon. 
This is indeed an unfortunate situation. In- 
complete operation is performed for the 
earliest lesions, a high percentage of which 
should be curable, whereas extensive en bloc 
resection is reserved for the advanced cancers 
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Fig. 1. Roentgenogram showing lesser curvature “ulcer’ 
which proved on microscopic examination to be primary 
adenocarcinoma (Case 1). 


in which the possibility of cure is pitifully 
small. 

Since 1940, it has been my policy to perform 
radical subtotal gastrectomy in all obvious or 
suspected malignant cases, the determination 
being made at the time of exploration. Ap- 
proximately 3 years ago, 2 malignant ulcers 
of the lesser curvature were misinterpreted as 
benign, and inadequate operation was per- 
formed. No gross glandular metastases were 
found. In each instance the diagnosis of car- 
cinoma was returned 2 days later. Both of 
these patients are dead. 

The first patient died 214 years postoper- 
atively of recurrent carcinoma. At operation 
a 1.5 centimeter indurated area was palpable 
along the lesser curvature about 5 centimeters 
above the pylorus. This coincided with the 
site of the “ulcer” seen at x-ray examination, 
the roentgenologist having considered the pos- 
sibility of carcinoma (Fig. 1). To be certain 
that this actually represented a lesion, the 
stomach was opened and a small superficial 
ulcer found. Simple partial gastrectomy was 
done. Figure 2 shows a photograph of the 
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fresh specimen. It was considered benign on 
gross inspection by the pathologist and a 
frozen section was not made. Figure 3 is a 
photomicrograph of this ulcer. It is an ulcer- 
ating, primary adenocarcinoma which does 
not penetrate through the muscular wall. 

The second patient died 15 months post- 
operatively with massive lymphatic extension 
of carcinoma. In this case a grossly benign 
ulcer of the lesser curvature at the angulus was 
found and partial gastrectomy performed. 
The microscopic evidence of malignancy in the 
surgical specimen was evident at only one 
point in the margin of a peptic ulcer and was 
confined to a small area of the submucosa and 
inner muscular layer of the gastric wall (Fig. 
4). Radical subtotal resection certainly would 
have offered both of these patients a greater 
chance of recovery. 

Since this experience I have elected to per- 
form radical subtotal gastrectomy for all gas- 
tric ulcers encountered at exploration. Quite 
obviously it is impossible to prove the efficacy 
of this mode of attack at this date. It will 
take the cumulative experience of many sur- 
geons following this reasoning 5 or 10 years 
to reveal the effect it may have on the sur- 
vival rate of patients with malignant ulcers. 
However, it would seem more logical to treat 
the early lesions radically than to’expect real 
dividends in 5 year cures by wide resection of 
adjacent organs in far advanced lesions. Such 
a program would preclude the grossly incom- 
plete treatment of the early malignant ulcer. 


CLINICAL MATERIAL 


The records of all patients operated on at 
The Portland Clinic for gastric ulcer and car- 
cinoma during the 6 years from January 1946. 
to January 1952 have been reviewed in the 
hope that their perusal might shed some light 
on this problem. During this interval 70 
patients with gastric ulcer have come to oper- 
ation. Table I shows the operative procedure 
and the operative mortality. Pathologic ex- 
aminations were made in 66 cases (eliminating 
3 cases of perforated ulcer and 1 of vagotomy 
and gastroenterostomy). Eight of these le- 
sions or 12.1 per cent were found to be malig- 
nant. The 1 postoperative death occurred in a 
patient with a juxtaesophageal ulcer who was 
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Fig. 2. Resected stomach with small ulcer considered 
benign at gross inspection by surgeon and pathologist but 
proving on microscopic examination to be a primary 
adenocarcinoma (Case 1). 


treated primarily by vagotomy. The ulcer 
failed to heal. Esophagogastrectomy was per- 
formed because the ulcer was thought to be 
malignant. Death resulted from leakage at 
the suture line and empyema. 

Review of the x-ray findings and preoper- 
ative diagnoses in these patients yields most 
interesting information. In the group of cases 
of benign ulcer, the x-ray diagnosis was car- 
cinoma in 6, and malignancy was questioned 
in 19 others, a total inaccuracy of 42.4 per 
cent. Furthermore, the preoperative diagno- 
sis or opinion at the operating table was carci- 
noma in 6 and malignancy was questioned in 
10 others, an inaccuracy of 27.1 per cent. In 2 
of these patients transverse colectomy was 
performed along with partial gastrectomy be- 
cause of apparent invasion of the mesocolon. 

Of the 8 malignant lesions, 6 were thought 
at operation to be benign. One of these was 
reported by the pathologist to be benign on 
frozen section, the final microscopic diagnosis 
being carcinoma arising in a peptic ulcer. 

X-ray studies were made in 7 of these 8 
patients. Barium study was not done on the 
remaining patient because operation was car- 
ried out for perforation. The diagnoses were 
as follows: carcinoma, 1; question of malig- 
nancy, 2; benign ulcer, 2 (1 a marginal ulcer) ; 
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Case 1. Ulcerating adenocarcinoma of the 


Fig. 3. 
stomach. Low power view showing one border of the ulcer- 
ating carcinoma which measured 1.5 centimeters in diam- 
eter. While the tumor has invaded numerous lymphatic 
spaces, it is confined to the mucosa and submucosa and the 


muscularis is unaltered. 7. 

and no ulcer, 2 (in 1 case there was pyloric 
obstruction, in the other no abnormality at 6 
barium studies by 3 roentgenologists). 

The site of ulceration in the benign group is 
depicted in Figure 5. Thirty-three ulcers were 
found on the lesser curvature, 5 being high or 
juxtaesophageal; 24 in the pyloric and prepy- 
loric area; 4 on the posterior wall; and 1 on 
the greater curvature. 

Figure 6 shows the location of the malignant 
ulcers. Two were in the prepyloric area, 2 on 
the lesser curvature, 2 in the anterior wall, 1 
on the greater curvature, and 1 was a marginal 
ulcer near the stoma following resection. 

It is apparent that one cannot depend on 
the location of the ulcer in making the deter- 
mination of benignancy or malignancy. The 
malignant potentiality of greater curvature 
ulcers is well known. Holmes and Hampton 
have pointed out the great danger of malig- 
nancy in prepyloric ulcers. The incidence of 
malignancy in ulcerations of the lesser curva- 
ture has varied in different reports, but prob- 
ably approaches ro per cent. It was 13.7 per 
cent in the series reported by Marshall and 
Welch and 8.1 per cent in that reported by 
Ransom. In the present small series 5.7 per 
cent of lesser curvature ulcers and 7.7 per 
cent of prepyloric ulcers were malignant. 
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Fig. 4. Case 2. Adenocarcinoma in a gastric ulcer. The 
section shown is from one border of an ulcer crater which 
measured 2.3 centimeters in diameter. There is extensive 
fibrosis and chronic inflammation of the stomach wall. 
Sections through the center of the ulcer showed complete 
replacement of the muscularis by fibrous connective tissue. 
The carcinoma is confined to the mucosa and submucosa at 
the border of the ulcer. X7. 





The age, duration of symptoms, and free 
acid values were of no assistance in differential 
diagnosis. Reports by Marshall and Welch, 
and Ransom confirm these findings. 

The average age of the patients with benign 
ulcer was 53 years, with men predominating 
3 tor. 

The average age of the 8 patients with ma- 
lignant ulcers was 561% years, the oldest being 
67, the youngest 38. Six were men and 2, 
women. 

The duration of symptoms of the 8 patients 
with malignant ulcers varied greatly. Three 
had had symptoms 3 years or more, 1 for a 
year and a half, 1 for 1 year, 2 for 6 months, 
and 1 for 2 days (a perforated gastric ulcer 
with malignancy in its margin). 

Of the patients who proved to have benign 
ulcer, 7 had no free hydrochloric acid and 14 
others had readings of 30 units or less. The 
majority of the tests followed histamine injec- 
tion. 

Gastroscopy was performed on 13 patients 
with benign ulcer. The results were as follows: 
negative findings, 5 cases; diagnosis of malig- 
nancy, 1; probable malignancy, 3; possible 
malignancy, 1; benign ulcer, 3. Only 1 of the 
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TABLE I.—GASTRIC ULCER 
































Procedure ‘on | mous 
Subtotal gastrectomy* 64 ° 
Excision of ulcer, pyloroplasty, vagotomy I ° 
Esophagogastrectomy, vagotomy we ra a I 
Vagotomy, posterior gastroenterostomy im 1 an ° 
Closure of acute perforation s ° 
Total 70 I 





*Includes 8 malignant ulcers. 


TABLE II.—CARCINOMA OF STOMACH 


























Commies 
Procedure —_—* sna atte! 
Cases | Per cent 
Subtotal gastrectomy | 38 | 5 13.2 
Total gastrectomy | S | 12.5 
Partial esophagogastrectomy | 4 | I 25.0 
Total resections 50* 7 14.0 
Exploration and biopsy | 24 
Total | 74 











*Resectability rate 67.5 per cent. 


8 patients with malignant ulcer had gastros- 
copy; in this case the ulcer was not visible. 

The data obtained from the study of these 
case records corroborates that of larger series 
in pointing up the fact that in the individual 
patient it is impossible to be certain of the 
diagnosis until the specimen is thoroughly 
examined microscopically. One cannot safely 
depend on laboratory, x-ray, gastroscopy, or 
gross operative findings to rule out malignant 
ulcer. Neither can one be certain of a correct 
interpretation by frozen section. 

During the last 6 years, 74 patients were 
operated on in The Portland Clinic for carci- 
noma of the stomach. These include the 8 with. 
malignant ulcers (10.8 pér cent) mentioned 
previously. Table II shows the type of oper- 
ation and operative mortality. Twenty-four 
lesions were inoperable. Subtotal gastrectomy 
was undertaken in 38 cases, total gastrectomy 
in 8, partial esophagogastrectomy in 4. The 
operative mortality in all resections was 14 
per cent. It was 13.2 per cent for subtotal re- 
section, 12.5 per cent for total gastrectomy, 
and 25 per cent for esophagogastrectomy. 

That attempts to carry out radical en bloc 
dissections did not add to this mortality is 
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Fig. 5. Distribution of benign gastric ulcers (62 cases). 


evident when the operative and pathologic 
reports are examined. Radical subtotal re- 
sections were done on 16 patients with car- 
cinoma. Two (12.5 per cent) died, one from 
pulmonary embolism and one from cerebral 
hemorrhage. Radical total gastrectomy, in- 
cluding splenectomy, was performed on 3 pa- 
tients with no deaths. Radical esophagogas- 
trectomy, including splenectomy and all at- 
tached omenta of the portion of stomach re- 
moved, was done on 4 patients. One died of 
massive pulmonary atelectasis. 

Furthermore, radical subtotal gastrectomies 
were performed on 11 patients proving to have 
benign gastric uicers. None died. Intestinal 
obstruction developed postoperatively in 1 
patient because a loop of jejunum had become 
adherent to the abdominal incision and re- 
operation was necessary. This is the only com- 
plication which could be attributed to the loss 
of the omentum. 

The end results in the 8 patients with ma- 
lignant ulcer are most discouraging. Six are 
dead of carcinoma and 1 has advanced recur- 
rence of carcinoma. One was alive without 
recurrence 16 months after operation. 


DEFINITION OF RADICAL SURGERY 


The ideal treatment of carcinoma of the 
stomach, as far as cure is concerned, is total 
gastrectomy with excision of wide segments 
of the duodenum and esophagus and removal 
of all of the greater and lesser omenta, the 
gastrocolic omentum, and the spleen. Such 
treatment has been advocated for all gastric 
carcinomas by de Amesti, Lahey (12), Lahey 
and Marshall, Longmire and Scott and Long- 
mire who pointed out the recent improved 
operative mortality in total gastrectomy. 
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1morginal ulcer in gastric stump following resection 


Fig. 6. Distribution of malignant ulcers (8 cases). 


Removal of the body and tail of the pan- 
creas and dissection in continuity of the retro- 
peritoneal tissue above the pancreas and on 
the under aspect of the diaphragm have been 
suggested by Allison as logical extensions of 
the operation of total gastrectomy in the hope 
of effecting cure in a higher percentage of pa- 
tients. Such extensive operations necessarily 
carry a formidable risk. Were this the only 
deterrent, such procedures would receive 
greater favor in surgical circles. The crippling 
physiologic sequelae in the majority of pa- 
tients undergoing total gastrectomy have led 
most authorities to reserve this procedure for 
those carcinomas involving all or most of the 
stomach and to compromise by recommending 
“radical” subtotal gastrectomy for lesions of 
the distal half, and partial esophagogastrec- 
tomy for lesions of the proximal portion of the 
stomach. Recently this attitude has been 
admirably expressed by Allen. Radical sub- 
total gastrectomy has been championed by a 
number of others, including Wangensteen (23, 
24), Coller, and Ochsner. 

Admittedly a compromise, radical subtotal 
gastrectomy should ideally include all of the 
zones of lymphatic spread demonstrated by 
Coller and his associates in a study of surgical 
specimens cleared by the Gilchrist and David 
modification of the Spalteholtz method (Fig. 
7). It must include a wide margin of grossly 
uninvolved stomach above the tumor as well 
as a liberal cuff of duodenum. McNeer and 
associates have pointed out the high percent- 
age of recurrences resulting from inadequate 
resections at these two margins. Coller and 
associates reported carcinoma extending to 
the proximal line of resection in 24.5 per cent 
and invasion of the duodenum in 26.4 per cent 
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Fig. 7. Zones of lymphatic spread in carcinoma of the 


stomach. 


of 53 cases studied. Frozen section of the 
upper and lower margins, though admittedly 
an imperfect test, if made routinely in all gas- 
trectomies performed for malignant disease 
would help prevent incomplete operations. 

Splenectomy has not been included in all 
so-called ‘‘radical’’ subtotal resections in the 
present series. The spleen has been taken only 
in those cases in which involvement of the 
area of the pedicle was grossly visible. How- 
ever, the greater and lesser omenta and gastro- 
colic omentum have been removed with the 
resected stomach and the dissection commonly 
carried to the origin of the left gastric artery 
at the celiac axis (Fig. 8). The posterior peri- 
toneum overlying the pancreas has been dis- 
sected only when gross glandular metastases 
were found in this area. 

Radical total gastrectomy has included a 
wide margin of both duodenum and esopha- 
gus, all of the attached omenta, and the spleen. 

Radical partial esophagogastrectomy has 
included the spleen and all of the omenta at- 
tached to that portion of the stomach re- 
moved. Ina recent article Sweet discussed his 
wide experience in these cases, pointing out 
that en bloc excisions are much more feasible 
in lower esophageal and fundal lesions than 
in upper esophageal carcinomas. 

It would be foolhardy, of course, to suggest 
radical total gastrectomy for patients with 
gastric ulcer. The addition of splenectomy to 
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radical subtotal gastrectomy for gastric ulcer 
is not advocated and would seem to be un- 
necessarily heroic. It would undoubtedly in- 
crease the operative mortality in the large 
percentage proving to be benign. Further- 
more, the lienal group of lymph nodes ap- 
pears to be the least likely to be involved even 
in advanced cases of carcinoma according to 
Coller and his associates. 


DISCUSSION 

The difficulty in accurately differentiating 
benign from malignant ulcers is well known. 
The incidence of proved malignancy in pa- 
tients with gastric ulcer submitted to oper- 
ation is high. The actual percentage varies in 
different reports: Ransom, 1o.1 per cent; Lem- 
pert, Waugh, and Dockerty, 13 per cent; Allen 
and Welch (1), 14 per cent; Graham, 17 per 
cent; Marshall and Welch, 19.5 per cent; 
Finsterer, 20.9 per cent, but is high enough in 
all to be alarming. In the present series 12.1 
per cent were malignant. 

The fact that malignant ulcers under rigid 
ulcer management not uncommonly become 
smaller or even appear to heal when viewed at 
intervals by x-ray is well appreciated. Be- 
cause of this the majority of gastroenterol- 
ogists approach the medical treatment of 
gastric ulcer with caution, insisting on fre- 
quently repeated x-ray follow-up examina- 
tions to denote progress. They quickly recom- 
mend operation if rapid healing fails to occur 
or if complete disappearance of the ulcer is 
not evident in a relatively short interval. Re- 
peat barium studies frequently thereafter 
must prove that healing is permanent. 

Because of fear of malignancy, Allen and 
Welch, Lahey (12), and Marshall and Welch 
have more recently advocated immediate op- 
eration as soon as the diagnosis of gastric ulcer 
is established. They feel justified in this con- 
clusion because the operative mortality for 
gastric resection in their hands is negligible 
and the end results after subtotal gastrectomy 
for gastric peptic ulcer are excellent. 

It would seem that whichever of these 
courses is followed the vast majority of malig- 
nant ulcers will come to operation at an early 
interval after original x-ray visualization. 
Following partial gastrectomy as usually per- 
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formed for benign disease the 5 year survival 
rate in these malignant ulcers proves to be 
much higher than in the cases of obvious gas- 
tric carcinoma. Ransom reported 41.2 per 
cent; Lempert, Waugh, and Dockerty 43.5 
per cent; and Allen and Welch (1) 40 per cent 
5 year cures in such lesions. It would seem 
obvious that had radical subtotal gastrec- 
tomy been undertaken in these cases the ex- 
pectation of cure could have been much higher 
still. 

Once the surgeon makes the incision the in- 
ternist’s dilemma is solved. The surgeon’s 
predicament has just begun. Were it possible 
to determine at operation which gastric 
ulcers are malignant, then wide excision of 
the lymphatic bed could be performed in 
those cases. But with the stomach in his 
hand, the surgeon cannot tell the malignant 
from the benign ulcer. It is usually no more 
apparent to the pathologist on gross examin- 
ation. Biopsy of the ulcer margin may miss 
the area of malignancy. Excision of the ulcer 
for frozen section is commonly misleading be- 
cause of the difficulty of accurate interpreta- 
tion by this method in this organ. Further- 
more, excision of the ulcer for immediate 
examination is often impractical because of its 
location or adherence to adjacent organs. 
Biopsy of one or two lymph nodes is obviously 
inadequate. Simple subtotal resection for im- 
mediate examination by frozen section crosses 
the cancer field on all margins and practically 
precludes an adequate “clean up”’ of the areas 
of lymphatic spread should the pathologist 
report malignancy after examination. Not 
uncommonly the first inkling of the true na- 
ture of the disease comes 2 or 3 days after op- 
eration when the fixed microscopic sections 
are read by the pathologist. This was true in 
5 of the 8 malignant ulcers herein reported. 

What course then must be followed if this 
problem is to be solved? The surgeon may 
attack in a radical manner those lesions which 
appear to suggest malignancy. In so doing he 
will perform radical en bloc dissections in a 
large number of benign lesions (27.1 per cent 
of this series) and at the same time, unfortun- 
ately, may miss the early malignant lesions 
(6 of 8 in the present report). His only al- 
ternative would seem to be to perform radical 
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Fig. 8. Example of “radical”? subtotal gastrectomy. 
Note attached omenta (prepyloric carcinoma). 


subtotal gastrectomy in all patients operated 
on for gastric ulcer. 

It may be argued that such a program will 
apply to so small a percentage of the total 
cases of carcinoma of the stomach that it will 
have little effect on the overall survival rate. 
Recent Federal Security Agency statistics (4) 
reveal that a 2 to 5 per cent increase in the 
cure rate of gastric cancer patients would save 
more lives than the cure of all patients with 
lip cancer. Small improvement in total sur- 
vivals in a disease so prevalent means the 
saving of many lives. 


SUMMARY 


1. A review of the records of all patients op- 
erated on at The Portland Clinic for gastric 
ulcer and gastric cancer during a 6 year 
period (January 1946 to January 1952) con- 
firms the fact that in a high percentage of 
cases benign and malignant ulcers are indis- 
tinguishable either preoperatively or at op- 
eration. 

2. This results in completely inadequate 
uperations in those patients proving to have 
malignant lesions. 

3. To circumvent this possibility radical 
subtotal gastrectomy is advocated for all 
gastric ulcers. There has been no increase in 
operative mortality resulting from such ex- 
tension of simple ulcer resections. 

4. Radical gastrectomy, total and subtotal, 
has been re-emphasized and a plea has been 
made for more general standardization and 
wider use of these procedures. 
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BONE CHANGES FOLLOWING BILATERAL 


URETEROSIGMOIDOSTOMY 


MARY S. SHERMAN, M.D., F.A.C.S., New Orleans, Louisiana 


HE OPERATION of transplantation 

of the ureters to the bowel was first 

devised for the treatment of exstrophy 

of the bladder. The most popular 
technique, devised by Maydl in 1894, involved 
the use of that portion of the bladder wall 
which contains the ureteral orifices. In order 
to extend this type of surgery to those cases in 
which total cystectomy was necessary, direct 
transplantation of the ureters to the bowel was 
tried. However, the immediate and delayed 
mortality from this procedure was so enor- 
mous that by 1909, according to Steinke, there 
were only 35 cases recorded in the literature. 
Most surgeons preferred the safer but aesthet- 
ically less acceptable operation of cutaneous 
transplantation. 

In the succeeding two decades, largely 
through the work of Coffey (1, 2), significant 
advances in surgical technique greatly reduced 
the hazards of ureterosigmoidostomy. With 
the introduction of antibiotic therapy, this 
type of surgery became applicable not only in 
the radical treatment of malignant disease but 
also in the management of nonmalignant con- 
ditions such as vesicovaginal fistula and Hun- 
ner’s ulcer. In the last 20 years, therefore, 
there has been a small but steadily increasing 
group of patients who have survived by long 
periods the operation of bilateral ureterosig- 
moidostomy. 

Even with optimum conditions the inci- 
dence of retrograde infection, ultimately com- 
pounded by the development of stenosis about 
the artificially created orifice, was distressingly 
high. The resultant kidney damage explained 
the frequent occurrence of acidosis which 
when it became troublesome was treated sys- 
tematically by the administration of sodium 
bicarbonate. It was even noted by Pines that 
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such a state could lead to bone changes. Be- 
cause of the emphasis on the role of kidney 
damage, little attention was paid to this phe- 
nomenon of acidosis until relatively recently. 

Clues were supplied by Jewett (5, 6) but 
they were not pursued until Ferris and Odel 
began to wonder about the electrolyte pattern 
of the blood in their patients with bilateral 
ureterosigmoidostomy. They found an abso- 
lute increase in the plasma chloride, with a re- 
duction in the bicarbonate, in the presence of a 
normal or elevated blood urea, but a normal 
value for creatinine. Furthermore, they had 
the opportunity to study in detail 3 patients in 
whom there existed an undoubted state of hy- 
perchloremic acidosis. The first patient was 
relieved of symptoms and electrolyte imbal- 
ance by 5 days of rectal lavage with tap water. 
It was this experience which suggested the pos- 
sibility of acidosis due to chloride resorption 
by the sigmoid. The second patient main- 
tained a normal blood electrolyte pattern as 
long as he had rectal incontinence. With the 
development of control he also developed hy- 
perchloremic acidosis. The third patient had 
had his bilateral transplant for g years before 
he was hospitalized with hyperchloremic aci- 
dosis. His condition necessitated a unilateral 
nephrolithotomy at which time normal excre- 
tion of chloride was demonstrated. 

On the basis of this telling evidence, Ferris 
and Odel concluded that a certain number of 
patients, who had had bilateral ureteral trans- 
plants to the bowel and who had developed 
good bowel control, developed also hyper- 
chloremic acidosis because of chloride absorp- 
tion by the rectosigmoid in the presence of 
normal kidney function. They concluded fur- 
ther that in those patients who develop such 
acidosis early in their postoperative period the 
amount of sodium chloride poured into the 
body is probably at fault. In those patients 
who develup the hyperchloremia late, the syn- 
drome depends either upon the amount of in- 





Fig. 1. 


Fig. 1. Photomicrograph, X55. All surfaces are outlined 
by wide seams of light-staining osteoid tissue which stands 
in sharp contrast to the bone. The marrow is perfectly nor- 


gested sodium chloride or upon increasing 
absorption from the rectosigmoid as the pa- 
tient’s ability to retain urine for longer and 
longer periods increases. The exact mechan- 
ism of this selective resorption is not yet clear 
and furthermore it is noted that the time of 
development of the syndrome differs from pa- 
tient to patient. 

Further study of a group of 141 patients 
with bilateral ureterosigmoidostomy revealed 
that 79 per cent developed some degree of hy- 
perchloremia, usually within a year after the 
surgery (4). Eighty per cent of the same pa- 
tients exhibited a decrease in the carbon diox- 
ide combining power of the plasma. In most 
cases these altered laboratory findings were 
not accompanied by clinical symptoms of 
acidosis. 

It is obvious that the body’s normally oper- 
ating buffer systems could not be expected to 
cope with an acidosis of this type. One might 
expect, therefore, that the bones, with their 
great reservoir of easily available base, would 
suffer. When this occurs and the lowered 
serum calcium is bolstered by calcium derived 
from the bones, the stage is set for the develop- 
ment of osteomalacia (9). Whether or not 
osteomalacia will become established evi- 
dently depends upon the severity of the elec- 
trolyte imbalance and the faithfulness with 
which it is combatted. 

Four patients observed in the light of this 
theory are of particular interest: 
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mal and shows none of the fibrosis which would indicate 
secondary hyperparathyroidism. 
Fig. 2. Same, X155. 


CaAsE 1. S.Z., a 57 year old woman, had bilateral 
transplants for carcinoma of the bladder. She was 
rather well during the succeeding 9 months, when she 
died suddenly of a cerebral metastasis. There were 
never any symptoms or findings of significant aci- 
dosis except terminally. As might be expected, the 
sections of the bones were quite normal. 

CASE 2. J.P., a 3 year old boy, suffered multiple 
severe injuries when he was run over by a truck. 
Because of his precarious condition it was not possi- 
ble to effect a primary repair of his ruptured urethra, 
Sufficient atrophy of the bladder resulted so that 
ureteral transplants were necessary. These have 
functioned satisfactorily although the patient never 
developed good rectal control]. Since his operation he 
has had varying degrees of acidosis, but each attack 
has been treated promptly and effectively with so- 
dium bicarbonate. At no time have his roentgeno- 
grams demonstrated any changes suggestive of rick- 
ets. Bone biopsy performed 3 years after his trans- 
plants, at a time when he had had no symptoms for 
many months, revealed normal structure. 

CAsE 3. I.M., a 34 year old woman, had bilateral 
ureteral transplants performed because of a recurrent 
vesicovaginal fistula. She had fairly constant aci- 
dosis which was incompletely controlled by sodium 
bicarbonate. Four years after her operation she be- 
gan to have pain in the neck, back, chest, and ankles. 
She found it hard to pick things up from the floor and 
quite difficult to get up from a chair. Roentgeno- 
grams made at this time, when her carbon dioxide 
level was 16.8 millimols per liter, showed a general- 
ized decrease in density. The significance of these 
findings, which almost certainly indicated osteoma- 
lacia, was not appreciated. The patient was given 
symptomatic therapy and was lost from observation. 

CasE 4. P.S., a 26 year old nurse, had bilateral 
ureteral transplants for relief from a Hunner’s ulcer. 
Five years later she had a nephrectomy because of 
acute pyelitis. Six years after her transplants, the 
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patient began to have thoracic pain which appeared 
with activity and was relieved by rest. This grew 
steadily worse, and 6 months later the patient was 
unable to get out of bed. She remained bedridden for 
3 months and was then able to get about with the 
same sort of pain she had had in the beginning. Dur- 
ing this time her nonprotein nitrogen remained rela- 
tively normal. On the only occasion on which they 
were investigated (shortly before her skeletal symp- 
toms appeared) the serum carbon dioxide was 16.8 
millimols per liter, the serum hydrogen ion concen- 
tration 7.39, and the serum chlorides 111 milliequiva- 
lents per liter. 

One year after her bone pain began the patient was 
hospitalized for investigation. The chief findings 
were a marked thoracic kyphosis and severe atrophy 
of all of the bones of which roentgenograms were 
taken. Joint changes were minimal. Complete 
chemical studies were not performed, but the serum 
chloride at this admission is recorded as 121 milli- 
equivalents per liter. The clinical diagnosis of osteo- 
malacia was sustained by the iliac biopsy which re- 
vealed florid changes. Everywhere the surfaces of 
the old trabeculae were covered by wide osteoid 
seams (Figs. 1 and 2). It is of interest that the mar- 
row shows no traces of secondary hyperparathyroid 
activity. 

The disorder in this patient should respond rapidly 
to alkali therapy. 


SUMMARY 


As so often happens, surgical advance has 
brought its own new complications, but for- 
tunately these are controllable. It seems evi- 
dent that when a patient undergoes a success- 
ful bilateral ureterosigmoidostomy he is in 
constant danger of hyperchloremic acidosis 
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even when his kidney function is normal. If 
such acidosis continues untreated, the devel- 
opment of osteomalacia is a real hazard. Pre- 
venting this complication by control of the 
electrolyte balance depends upon frequent 
emptying of the sigmoid, reduction of chloride 
intake, and increase in ingested base. 
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ELECTROLYTE CHANGES IN HEALING 
MUSCLE WOUNDS IN THE DOG 


J. A. SCHILLING, M.D., F.A.C.S., A. B. McCOORD, Ph.D., S. W. CLAUSEN, M.D., 
T. J. WHELAN, JR., M.D., and S. J. KUYKENDALL, M.D., Rochester, New York 


HE purpose of this experiment was 

to determine changes in. tissue elec- 

trolyte patterns in healing wounds, 

and to determine the effect of the 
administration of large amounts of sodium 
chloride and ACTH on these electrolyte pat- 
terns. There have been many studies, par- 
ticularly recently, on the metabolic response 
of patients to trauma and surgery, with much 
attention given to the stress reaction and the 
administration of ACTH. Sodium retention 
may occur under these circumstances with 
considerable potential influence on the elec- 
trolytes inside and outside the cells involved 
in the healing of the local wound. However, 
our findings revealed rather constant changes 
in the electrolyte patterns in healing muscle 
wounds in dogs with no significant influence of 
large amounts of sodium chloride or ACTH. 
Administration of ACTH did cause significant 
transitory changes in normal muscle electro- 
lyte patterns. At the site of the wound, so- 
dium is rather constantly increased and po- 
tassium is decreased. Infection markedly 
exaggerates these local changes, which tended 
to return to normal ranges at 7 to 8 days after 


wounding. METHOD 


Healthy, gentle, mongrel dogs weighing 15 
to 20 kilograms were selected for these experi- 
ments after a period of observation in the 
animal house. The animals were then placed 
in metabolism cages and given a standard diet 
of horse meat and low protein mixture de- 


scribed in earlier publications (6, 7). Six 
wounds were placed on the abdomen of the 
animals as depicted in Figure 1. The wounds 
were made sharply with meticulous hemostasis 
and reapproximation with oooo silk sutures, 
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intravenous nembutal anesthesia being used. 
Normal muscle and blood were secured for 
control electrolyte determinations. After 6 
hours the first biopsy was taken through the 
area of the abdominal muscle wound and a 
control biopsy of distant normal muscle was 
again secured from the rump or shoulder. 
These and subsequent wound and control 
biopsies were carried out with subdermal in- 
jection of novocain when needed, with care to 
avoid infiltration of the wound site. Consid- 
erable care was given to gentle handling of the 
muscle tissue as it was removed, as rough 
handling or squeezing will cause a 25 to 40 
per cent variation in electrolyte values and 
therefore is an important variable in all muscle 
analyses. Winfield has previously described 
the decreases in potassium in direct relation 
to the amount of tissue injury. 

The muscle tissue was then divided into two 
parts and weighed to within 0.5 milligram. 
The chlorides were determined on one portion 
after the method of Van Slyke. The other 
portion was used for potassium and sodium 
determinations, after drying to a constant 
weight at 100 degrees C., extraction of fat 
with an ethyl-alcohol-ether mixture and a 
chloroform-methyl-alcohol mixture, and ash- 
ing in a muffle furnace at 410 degrees C. A 
flame photometer, utilizing lithium as an in- 
ternal standard, was used for the electrolyte 
determinations. All urines were collected and 
analyzed for electrolyte content to enable 
sodium, potassium, and chloride balances 
during the study period, which lasted 7 days 
after the initial wounding. Subsequent biop- 
sies were secured from the wounds at 1, 11%, 
2, 3, 4, and 7 days. One group of 6 animals 
were maintained on the standard diet only. 
Another group of 4 animals received 10 grams 
of sodium chloride daily in their diet during 
the period of study after wounding. A third 
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group of 4 animals received 50 milligrams of 
ACTH twice a day intramuscularly and 10 
grams of sodium chloride orally each day. 
Another group of animals received the same 
amount of sodium chloride intravenously. 
Total water volumes of muscle tissue were 
determined by subtracting the dry from the 
wet weight. The extracellular water volume 
was calculated on the assumption that all 
chlorides were extracellular using a Donnan 
equilibrium factor of 0.95 and a serum protein 
dilution factor of 0.93. This method is subject 
to the criticism that there is a small fraction of 
chloride intracellularly which may be in- 
creased with edema, trauma, and inflamma- 
tory reaction. 


RESULTS 


In the control animals the electrolyte 
changes were remarkably constant in the 
wounded muscle area (Figs. 2, 3). Early 
transient changes in the control muscle were 
consistent with the stress reaction of the 
initial operative procedure and anesthesia. 
There was a prompt increase in the total 
sodium. This was contained in both the extra- 
cellular and intracellular fluid compartments 
as calculated by the extracellular chlorides. 
The extracellular fluid contained 60 to 75 per 
cent of this local increase in sodium, the re- 
mainder being in the intracellular fluid. There 
was a 75 per cent decrease in the total potas- 
sium in the wounded area, all of which came 
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Fig. 1. Location of wounds and site of subsequent bi- 
opsies. Normal muscle was secured simultaneously from 
widely separated areas on the rump and shoulder. 


from within the cell. The chlorides increased 
in the same range as the sodium values. Phos- 
phorous determinations were complicated by 
unforeseen technical difficulties and are not 
included, but they seemed to vary in the same 
direction as the potassium. For simplicity, 
anion variations are not included in the graphs. 
There was a slight increase in total water or 
wetness in the wounded muscle area which was 
quite constant. The extracellular water in- 
creased in the same range as the increase in 
sodium and chloride at the expense of the 
intracellular water where sodium was in- 
creased and the remaining potassium was 
concentrated, thus assisting in maintaining 
osmotic equilibrium. Infection, when it oc- 
curred (Fig. 5), markedly exaggerated these 
changes in electrolyte patterns in the wounded 
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Fig. 2. Control animal (dog 7) on standard diet showing 
increases in sodium and water and decreases in potassium 
in the wound (W) compared with the normal control 
muscle (C). The decrease in dry weight indicating an 
increase in total water was much less than the relative 
increase in extracellular water (E£.C.W.). 
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Fig. 3. Control animal (dog 8) on a standard diet with 
changes in electrolyte and water patterns similar to Figure 
2 in the wounded area. The normal control muscle reflects 
moderately similar changes that are transitory and thought 
to represent a response to the stress of the operative pro- 
cedure and anesthesia. 
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Fig. 4. Animal (dog 9) received 10 grams of sodium 
chloride a day with no significant differences from control 
animals in Figures 2 and 3 


muscle area. The rather pronounced imme- 
diate transitory increases of sodium and de- 
creases of potassium in the normal control 
muscle tissue seemed to reflect the stress re- 
sponse of the operative procedure and anes- 
thesia and were exaggerated in subsequent 
animals by the administration of ACTH. 

In animals 9 and 1o (Figs. 4, 5) from the 
group receiving 10 grams of sodium chloride 
no significant variations from the control 
animals were noted, except for the influence of 


infection in Figure 5 just mentioned. Balance 
studies show a transient retention of sodium 
the first day followed by a marked saluresis 
covering the increased sodium intake during 
the subsequent days. 

In animals 11 and 12 (Figs. 6, 7) representa- 
tive of the group receiving 50 milligrams of 
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Fig. 5. Animal (dog 10) received to grams of sodium 
chloride a day and developed wound infections with 
marked accentuation and prolongation of changes in the 
electrolyte patterns in the wound area, recorded in pre- 
ceding graphs. 


Oars 

Fig. 6. Animal (dog 11) received ACTH (50 mgm. twice 
a day) and sodium chloride (10 grams a day) with no sig- 
nificant effect on the previously noted electrolyte changes 
in the wound area. However, there is marked transient 
accentuation of the stress response in the normal control 
muscle tissue associated with an increased loss of potas- 
sium in urine and retention of sodium and water. 


ACTH twice a day and to grams of sodium 
chloride daily, no significant variations from 
the control animals occurred when considering 
the wounded muscle area. ACTH and sodium 
chloride exaggerated changes in the electrolyte 
pattern noted earlier in the control normal 
muscle tissue secured from distant areas on the 
rump or shoulder. Sodium increased to values 
equal to or greater than the wounds them- 
selves. Potassium decreased in amounts equal 
to or greater than in the wounded area. There 
was also a significant retention of sodium and 
water with an increase in wetness of the nor- 
mal muscle tissue. These changes were tran- 
sient and were followed by a diuresis and re- 
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Fig. 7. Animal (dog 12) received ACTH (50 mgm. 
twice a day) and sodium chloride (10 grams a day) with 
essentially the same patterns as in Figure 6. In normal 
muscle the increase in sodium and extracellular water is 
greater in this instance than loss of potassium. 
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version to values similar in all groups of 
animals. These changes in the normal muscle 
seem particularly important as they are repre- 
sentative of a large tissue mass when com- 
pared with the local wounds themselves, and 
therefore of much more importance thera- 
peutically. 
DISCUSSION 

Several investigators have demonstrated an 
increase of sodium and a decrease of potassium 
in injured tissue. Where the area of injury 
has been large, there have been compensatory 
decreases of sodium and increases of potassium 
in the uninjured tissue. Fox was able to 
demonstrate these changes very nicely in rats 
with crushed or burned legs using radioactive 
sodium. Earlier mention has been made of 
the observations and reviews of Moore and 
his associates concerning whole body electro- 
lyte changes following surgery which seem 
to be governed, in part at least, by adrenal 
activity. It seems of particular interest to us, 
however, that the local electrolyte changes in 
healing muscle wounds are uninfluenced by 
administration of ACTH and/or sodium chlo- 
ride, indicating considerable autonomy of the 
wound in its healing process. Obviously when 
the area of the wound is large these local 
changes assume considerable therapeutic sig- 
nificance, as in a burn or crushing injury. Yet 
these changes are relatively constant and re- 
versible and seem to be much less in total 
magnitude than those relating to the whole 
body and its stress response. As infection 
markedly exaggerates the increase of sodium 
and the decrease of potassium in wounded 
tissue as well as being a potent destructor of 
young fibroblasts (4), it should also be con- 
sidered in planning electrolyte therapy. 

Winfield concludes that most of the potas- 
sium loss following surgery is from trauma- 
tized tissue. Our studies carried out through 
the first week of the healing cycle indicate that 
unless the area of injury is large, just the 
reverse is true: namely, most of the potassium 
lost comes from normal tissue under the in- 
fluence of increased adrenal cortical activity. 
Under these experimental conditions this loss 
was transitory and easily compensated for, 
but in the critically ill surgical patient this 
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reaction is prolonged and must be considered 
in therapy, particularly when a positive nitro- 
gen balance is achieved. Cannon has very 
nicely shown that protein repletion in rats is 
delayed with potassium deficiency. We have 
observed (5) that potassium is not retained 
when administered to an animal in negative 
nitrogen balance. These observations seem 
important to us in attempting to relate the 
local response to injury with the whole body 
metabolic state. 

The increase in sodium content of the 
wound may act as a physical constant, influ- 
encing the deposition of collagen by the fibro- 
blast. Vanamee and Porter have demon- 
strated in tissue culture, utilizing the electron 
microscope, that collagen may be reconsti- 
tuted after dissolution by an increase in pH 
or by the addition of sodium chloride in con- 
centrations in the same order as those noted 
in the healing wound in vivo. It seems fair 
to assume that the proliferating fibroblasts 
in the wound area undergo the same changes 
and influences that the surrounding muscle 
mass does. 


SUMMARY 


1. Sodium, chloride, potassium, and water 
concentrations were determined in muscle 
wounds in dogs during the healing process. 
These values were compared with normal 
muscle removed simultaneously during the 
same period. 

2. Sodium and chloride increased promptly 
and potassium decreased in the region of the 
healing wound. These changes were markedly 
exaggerated and prolonged by infection. 

3. There was an increase in extracellular 
water content with a decrease in intracellular 
water. Total water content was increased 
moderately. 

4. In normal muscle there was a variable 
transitory increase in sodium, chloride, and 
water with a decrease in potassium in most 
animals during the first 2 days. These changes 
were exaggerated but not prolonged by ACTH. 

5. The administration of large amounts of 
ACTH and/or sodium chloride orally or 
parenterally had no significant influence on 
the changes in the electrolyte pattern of the 
healing wounds. 
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ACUTE CHOLECYSTITIS FOLLOWING OPERATION 
FOR UNRELATED DISEASE 


CLETUS W. SCHWEGMAN, M.D., and WILLIAM E. DE MUTH, JR., M.D., 
Philadelphia, Pennsylvania 


CUTE cholecystitis developing in the 
early postoperative period following 
surgical treatment of disease unre- 
lated to the biliary system occurs 

more commonly than might be appreciated 
from a review of the surgical literature. Glenn 
in 1947 reported 17 cases personally observed 
over a period of 14 years. Sparkman in 1952 
reported 5 proved cases of acute cholecystitis 
which developed in the early postoperative 
period. Available information obtained from 
the reports of Sparkman and Glenn is tabu- 
lated in Table I. Between January 1, 1930 
and January 1, 1953, 17 cases were observed 
in the Hospital of the University of Pennsyl- 
vania. , 
ANALYSIS OF CASES 

Age. The age of our patients ranged from 
40 to 78 years (Table II), the average being 
59 years. Twelve were males and 5 were fe- 
males. In 3 of our 17 patients a history of 
previous symptoms suggestive of gallbladder 
disease was recorded. At the initial operations 
the abdomen was opened in to patients and 
gallbladder disease was not detected in any. 

Time relationships. The interval between 
operation and the onset of symptoms varied 
between 1 and 22 days. In general the dura- 
tion of the oral fasting period seemed to be of 
little significance. When, however, the inter- 
val between the ingestion of food, liquid or 
solid, and the onset of symptoms is considered, 
there seems to be a significant relationship. In 
tt (64 per cent) of our patients the onset of 
symptoms occurred within 48 hours of the 
ingestion of food. In 3 no food had been taken 
prior to the onset of symptoms. As nearly as 
could be determined 4 of Glenn’s patients ex- 
perienced the onset of symptoms in the first 
day following food ingestion. 


From the Harrison Department of Surgical Research, Schools 
of Medicine, University of Pennsylvania and the Surgical Service 
of the Hospital of the University of Pennsylvania, Philadelphia. 


Sedation. All of our patients received either 
morphine, demerol, pantopon, codeine, dilau- 
did, or combinations of these drugs. Glenn’s 
patients also had received morphine. 

Diagnosis. Three of our patients died; the 
acute gallbladder disease became known at 
the time of autopsy. Two of the 3 were 
desperately ill of disease unrelated to the 
biliary system, and the third developed an 
obstruction of the ileum secondary to a peri- 
cholecystic abscess. This patient’s death was 
directly attributable to the gallbladder disease. 
In 1 instance (WD) laparotomy was per- 
formed after a delay of 14 days. The responsi- 
ble surgeon suspected a subhepatic abscess. 
At operation he encountered an acutely in- 
flamed stone-containing gallbladder. In our 
remaining cases the delay in diagnosis was 3 
days or less. 

Treatment. Cholecystostomy was performed 
in 12 of our group of 17 patients. Cholecys- 
tectomy was performed in 1 instance and 4 
patients were treated without operation. 

Pathology. The gallbladder had perforated 
in 4 of our patients, localized gangrene with- 
out perforation occurred in another 4, and a 
simple acutely inflamed gallbladder was found 
in g. In 6 (35 per cent) of our patients no 
calculi were found. It may be noteworthy 
that perforation of the gallbladder did not 
occur in the absence of stones. It is possible, 
and indeed likely, that in some of these pa- 
tients stones were present which were not 
detected at the time of operation. Perforation 
did not occur in any of our patients under 50 
years of age. 

Genesis. The response of the gallbladder 
and extra hepatic biliary systems to natural 
and unphysiologic stimuli has been studied 
extensively. Some are obviously not con- 
cerned with the development of acute ob- 
struction and inflammation of the gallbladder 
in the postoperative period. Others may con- 
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tribute to the onset of the acutely inflamed 
gallbladder. 

The resumption of oral feedings after a period 
of fasting. It will be noted that the majority 
(11 of 17) of the patients reported by the 
authors manifested signs and’ symptoms of 
acute cholecystitis within a day or two after 
the resumption of oral feeding. Glenn made a 
similar observation and attributed the onset 
of the difficulty to the forceful contractions of 
the gallbladder in response to the ingestion of 
food after a period of bile stagnation and 
cholecystic inertia. The kinetic effect of oral 
feedings, especially certain forms of fat, on 
the gallbladder and ductal system is well 
documented. Copher and Illingworth demon- 
strated that the gallbladder failed to empty 
for 3 days or more if food was not taken by 
mouth. The concentration of bile within the 
gallbladder increases its viscidity and the 
mucinous material secreted by the gallbladder 
mucosa adds to its viscosity. Subsequent to 
the trauma of operation the volume of in- 


testinal fluid, including bile, which can be as- 
pirated with an indwelling intestinal tube is 
reduced in the immediate postoperative 
period. 

The flow of fresh liver bile is diminished 
during anesthesia. Graham (5) has suggested 
that the gradual washing out of the gall- 
bladder by an ingress of fresh liver bile may 
be an important factor in the mechanism of 
gallbladder evacuation. Although Newcomer 
and Newcomer have suggested that a filled 
stomach and duodenal cap may, by displace- 
ment of the liver and gallbladder, straighten 
the cystic duct and thereby facilitate empty- 
ing of the gallbladder, it is clearly evident 
that gallbladder evacuation does not depend 
upon gastrointestinal continuity. Cholecysto- 
kinin is elaborated and exerts its influence on 
the gallbladder even if all food by-passes the 
duodenum. In all probability the renewed 
contractions of the stagnant gallbladder, in- 
duced by the resumption of oral feedings, are 
a contributing factor in the impaction of 
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stones or viscid bile into the ampulla of Vater 
or cystic duct with subsequent acute inflam- 
mation. 

Drug influence. Many drugs influence gall- 
bladder behavior. Only a few therapeutically 
employed will be discussed. Walters and as- 
sociates have clearly demonstrated the effect 
of morphine upon the dynamics of the com- 
mon duct. Ten milligrams of morphine pro- 
duces a rise from the resting state of o to 
20 millimeters of water pressure ‘to a level of 
200 to 300 millimeters. This rise in pressure 
is measurable within 5 minutes after intra- 
muscular injection, reaches its peak in 15 
minutes, and exerts its effect for at least 
2 hours. Codeine (64 mgm.), pantopon (20 
mgm.), and dilaudid (2 mgm.) all cause a 
similar but less marked rise of intrabiliary 
pressure. Gaensler and associates demon- 
strated that contrary to common belief 
demerol exerts a spasmogenic rather than a 
spasmolytic effect on the sphincter mechanism 
at the lower end of the commun duct. Mor- 
phine exerts an inhibitory effect on the gall- 
bladder and causes a contraction of the 
sphincter mechanism of the common duct. 
The inhibition of the gallbladder and the 
constriction of the sphincter mechanism of 
the lower common duct by morphine supple- 
ment the stagnating effect of the enforced 
fast. 

Atropine and scopolamine exert an anti- 
spamodic effect on the sphincter mechanism 
of the common duct but are incapable of 
overcoming the influence of morphine. These 
drugs in all probability fail to play any signifi- 
cant role in the etiology of acute cholecystitis. 

Kozoll and Necheles were unable to elicit 
any constant change in intracystic pressures 
following the intravenous administration of 
physiologic saline solution but did observe 
marked spasm of the sphincter of Oddi and 
duodenum. The intravenous administration 
of mixtures of 5 per cent glucose and 0.9 
per ceht sodium chloride solutions produced a 
slight contraction of the gallbladder and a 
depression of sphincter and duodenal tone. 
It is unlikely that the intravenous solutions 
commonly employed in the postoperative 
period exert any significant effect on the 
biliary system, 








Miscellaneous factors. It is conceivable 
that other less tangible factors, not heretofore 
included, may influence the dynamics of the 
gallbladder and associated ducts. Whitaker 
demonstrated that even after bilateral vagot- 
omy the gallbladder emptied in a normal 
fashion. Howard has shown experimentally in 
animals that the development of acute 
cholecystitis may be prevented by sympathec- 
tomy. 

Changes in intra-abdominal pressure as- 
sociated with respiration seem to be unim- 
portant in the mechanism of gallbladder 
evacuation. The position of the patient ap- 
parently does not affect cholecystic evacua- 
tion as it occurs just as effectively whether the 
subject is standing or lying. Bockus states 
that fright, pain, or anxiety states are fre- 
quently associated with a temporary cessa- 
tion of bile flow which might result in biliary 
stagnation. 

DIAGNOSIS 

The diagnosis of acute cholecystitis can 
usually be made without difficulty if it is 
kept in mind as a possibility. The disease is 
characterized by pain in the epigastrium and 
right upper abdominal quadrant. The presence 
of biliary colic associated with severe pain 
in the right upper quadrant suggests cystic 
duct obstruction. The pain, frequently as- 
sociated with nausea and vomiting, is aggra- 
vated by diaphragmatic motion. Upper ab- 
dominal tenderness and muscle spasm are the 
result of peritoneal irritation. In uncompli- 
cated cases the temperature rarely exceeds 
102 degrees F. Leucocytosis of moderate 
degree is expected. Jaundice is not common 
and if present indicates common duct ob- 
struction. A mass is sometimes palpable in 
the right upper quadrant. 

Acute cholecystitis which develops in the 
wake of a major operation unrelated to the 
biliary system may, however, go unrecog- 
nized for some time. Abdominal pain, nausea, 
vomiting, and fever are commonly observed in 
the postoperative period and are accepted by 
the surgeon as side effects of the operative pro- 
cedure. Right upper quadrant pain and ten- 
derness following subtotal gastrectomy direct 
the attention of the surgeon toward the duo- 
denal stump. Pain in the epigastrium and right 
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subcostal area may be accepted as symptoms 
of a subdiaphragmatic collection or an infarct 
in the right lower lobe of the lung. A palpable 
tender mass in the right upper quadrant may 
represent an intra-abdominal abscess. It is, 
therefore, understandable that an acutely in- 
flamed gallbladder may escape detection for 
some time. 

Some of the uncertainties of diagnosis might 
be eliminated if during the course of intra- 
abdominal operations the gallbladder was 
more regularly palpated. It is suggested that 
this be done if the organ is accessible and if 
such palpation does not add to the risk of op- 
eration. Those patients, with complaints sug- 
gesting biliary tract disease in whom major 
elective operations are anticipated, might ben- 
efit by a preoperative cholecystogram. In this 
fashion acute inflammation of the gallbladder, 
which might develop in the immediate and 
early postoperative period, may be detected 
earlier and with less difficulty. 


TREATMENT 


Acute cholecystitis may be treated: (1) con- 
servatively without operation, (2) by immedi- 
ate cholecystectomy, or (3) by cholecystosto- 
my. The best interest of the patient will be 
served if each case is considered individually. 

If the attack is mild and associated with 
minimal pain and tenderness, fever, and leuco- 
cytosis, it may be prudent to treat the patient 
conservatively with gastric suction, starva- 
tion, antibiotics, and intravenous fluid. The 
risk associated with nonsurgical treatment is 
less in the young than in the patient 50 years 
of age or older. It is important to remember 
that peritoneal infection in the aged may be 
misleading, for the signs of peritoneal irrita- 
tion and the systemic manifestations of infec- 
tion may be of a very low order. 

For the past 20 years Graham (6) and Zin- 
ninger have advocated immediate cholecys- 
tectomy in acute cholecystitis. This attitude 
is acceptable to an ever increasing number of 
surgeons. If the gallbladder is removed within 
48 hours of the onset of the disease the removal 
is usually simple, safe, and curative. 

While cholecystostomy is considered a pro- 
cedure of compromise it is the operation of 
choice in patients too ill to withstand chole- 
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cystectomy safely and in whom the technical 
difficulties encountered render the operation 
hazardous. Cholecystostomy under local an- 
esthesia is usually safe and at least tempor- 
arily effective in even the most seriously ill 
patient. Under ordinary circumstances the 
previously drained gallbladder should be re- 
moved at a later date unless valid contraindi- 
cations exist. 
CONCLUSIONS 

The recognition of acute cholecystitis oc- 
curring in the postoperative period may be 
difficult. The symptoms of gallbladder disease 
are frequently mistaken for the usual post- 
operative sequelae or other complications. In 
all probability, in some cases cited in our series, 
a higher index of suspicion of this complica- 
tion would have led to earlier diagnosis. 

It would appear that the ingestion of food 
after a period of fasting might precipitate an 
attack of acute cholecystitis in the postoper- 
ative period. The kinetic effect of ingested 
food on cholecystic contraction may be largely 
responsible for the chain of events. The effect 
of narcotics, commonly used postoperatively, 
on the biliary tree is well documented, and the 
evidence favors the concept that biliary stag- 
nation may result from the use of these drugs. 
As previously suggested by Glenn, the forcible 
contraction of the gallbladder in response to 
the ingestion of food may be responsible for 
the onset of acute cholecystitis following pro- 
longed stagnation due to fasting and narcotics. 

Three of our patients expired. It is interest- 
ing that all were treated without operation. 
At the time of laparotomy the gallbladder, if 
accessible, should be palpated if this maneuver 
will not increase the risk of operation. Since 
perforation did not occur in any patient under 
50 years of age, we believe that acute chole- 
cystitis developing in the postoperative period 
is a much less serious complication in the 
young. In our series acute cholecystitis oc- 
curred in the male more than twice as fre- 
quently as in the female. This unexpected 
ratio does not correspond to the true incidence 
of cholecystic disease in the sexes. A gangre- 
nous stone-free gallbladder was found in 2. 
Perforation did not occur in the absence of 
stones in the gallbladder. The high incidence 
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(35 per cent) of calculi-free gallbladders in this 
ceries is unexplained. 

There is general agreement that acute chole- 
cystitis is nearly always dependent upon ob- 
struction of the cystic duct. In over go per cent 
of cases the offensive agent is an impacted cal- 
culus. The absence of stones in the gallblad- 
der at the time of operation or necropsy does 
not prove that such stones were not present 
earlier. In about 5 per cent of patients with 
common duct stones the gallbladder is stone- 
free. Cystic duct obstruction may be caused 
by angulation of the duct, by offensive ad- 
hesions, an adjacent peptic ulcer, or by ex- 
trinsic pressure. Occlusion of the cystic duct 
may, on occasion, be produced by viscid, in- 
spissated bile. Experimental evidence sug- 
gests that an increase in bile salt concentration 
within the gallbladder is responsible for acute 
cholecystitis. The severity of the inflamma- 
tion is proportional to the content and the 
concentration of the obstructed bile. 

Acute cholecystitis developing soon after a 
major operation is a serious complication. It is 
understandable in this group of patients that 
the surgeon often prefers to drain the gall- 
bladder rather than to remove it. 


SUMMARY 


Data relating to 17 of our own patients and 
10 patients previously reported by Glenn and 
Sparkman who developed acute cholecystitis 
following operation on unrelated systems are 
tabulated. The possible relationships of the 
fast period with subsequent food ingestion and 
the employment of narcotics in the develop- 
ment of acute cholecystitis in the postopera- 
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tive period are discussed. Jn our group of 17 
patients gangrene or perforation of the gall- 
bladder was found in 8 (47 per cent). The 
high incidence of calculi-free gallbladders is 
unexplained. Treatment is discussed and the 
pathologic findings are tabulated. 
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THE BLOOD VOLUME IN PREGNANCY AS DETERMINED 
BY P® LABELED RED BLOOD CELLS 


NATHANIEL I. BERLIN, Ph.D., CARL GOETSCH, M.D., GRACE M. HYDE, M.D., and 
ROBERT J. PARSONS, M.D., Berkeley, California 


T has been known for many years that 
the concentration of red blood cells in 
the peripheral blood as determined by 
the red cell count, hemoglobin, or hema- 

tocrit decreases during the course of preg- 
nancy. This has been termed the physiologic 
anemia of pregnancy. The term arose from 
the fact that early investigators had sus- 
pected that this was merely a hydremia and 
that the total quantity of cells in the circu- 
lating blood was normal. Later measure- 
ments of the blood volume using the dye 
methods confirmed these opinions. The stud- 
ies of the blood volume in pregnancy have 
been reviewed recently by Caton and co- 
workers, McLennan and Thouin, and Tysoe 
and Lowenstein. In general there is agree- 
ment that there is a progressive increase in 
the plasma volume and total blood volume 
during the course of pregnancy with a maxi- 
mum in the ninth month. The possibility of 
a decrease during the ninth month, before 
delivery, is controversial. As calculated from 
the plasma volume and hematocrit, most 
authors agree that there is a progressive in- 
crease in the total red cell volume during 
pregnancy but this is much smaller than that 
observed for the plasma volume both in 
terms of absolute values and percentage-wise. 
There is only one study in the literature, that 
of Caton and co-workers (3), in which the 
total volume of red cells was determined di- 
rectly, by the use of radioiron labeled red 
cells. This study showed a progressive in- 
crease in the total red cell volume during the 
course of pregnancy. A third observation on 
blood volume in pregnancy, which has largely 
escaped attention, has been the decrease or 
change in blood volume between the .imme- 
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diate antepartum period and the immediate 
postpartum period. Lowenstein and co-work- 
ers found that this amounts to approximately 
1,200 cubic centimeters. The figures of Caton 
and co-workers confirm this. The present 
paper is to report the studies of the blood 
volume during the course of pregnancy as 
determined with P32 labeled red blood cells 
in 181 women. 


METHODS 


The blood volume was determined by the 
method of Hevesy and Zerahn as modified in 
this laboratory (2). One hundred and fifty- 
seven pregnant patients and 34 postpartum 
patients were studied. Sixty-two patients 
seen in the first and second trimesters were 
from the private practice of one of us. The 
remainder were from the obstetric service of 
the Highland-Alameda County Hospital. In 
order to simplify the problem of patient co- 
operation and more importantly to avoid re- 
peated injections of radioactive materials, 
only one determination was done on each 
patient. All patients were followed until de- 
livery and were then grouped according to 
the interval of time between the determina- 
tion of the blood volume and the date of de- 
livery. Only patients with a normal preg- 
nancy and delivery were included. All pa- 
tients were routinely placed on oral iron at 
the time of their first visit. The blood volume 
of 16 healthy, nonpregnant women of the 
child bearing age was used to establish a 
normal value for the blood volume in women 


(1). 
RESULTS 
The results are tabulated in Table I and 
graphically presented in Figures 1 to 3. 
Total red cell volume: Figure 1 and Table 
I show that there is an initial drop in the 


total red cell volume of approximately 200 
cubic centimeters during the first 2 months 
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Fig. 1. The blood volume in pregnancy. Is\P, imme- 
diately antepartum (0 to 2 days before delivery); IPP, 
immediately postpartum (0 to 2 days postpartum); 
OWPP, 6 weeks postpartum. 


reaching a minimum in the second month of 
pregnancy. This is followed by a progressive 
rise to a peak in the ninth month, which is 
270 cubic centimeters above the normal non- 
pregnant value. The last month before de- 
livery shows a 170 cubic centimeter decrease 
in total red cell volume. At delivery and dur- 
ing the immediate postpartum period there 
is further decrease of 300 cubic centimeters to 


TABLE I.—THE BLOOD VOLUME IN PREGNANCY 
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TRCV= Total red cell volume. 
IAP=Immediately antepartum. 
IPP=Immediately postpartum. 

6WPP=6 weeks postpartum. 
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a level which is approximately 200 cubic 
centimeters below normal. During the 6 
weeks’ postpartum period there is a small 
but probably statistically significant increase 
but the level obtained is still 140 cubic centi- 
meters below the normal level. 

Plasma volume. Beginning with the first 
month of pregnancy there is a definite but 
steady increase in the plasma volume which 
reaches a peak in the ninth month, approxi- 
mately 1,200 cubic centimeters above the 
normal value. As with the total red cell 
volume, there is a significant drop of 190 
cubic centimeters prior to delivery. In the 
immediate postpartum period the plasma vol- 
ume falls another 780 cubic centimeters, but 
is still 180 cubic centimeters above the normal 
value. By the end of 6 weeks postpartum the 
volume is still 100 cubic centimeters above 
normal. 

Total blood volume. Because the fall in the 
total red cell volume is greater than the rise 
in plasma volume in the first 2 months of 
pregnancy there is a small drop in the whole 
blood volume during this’ period. Following 
this the rapidly increasing plasma volume is 
reflected in a rapid climb in the total blood 
volume with a maximum increase averaging 
1,400 cubic centimeters. During the last 
month of pregnancy the total blood volume 
drops 350 cubic centimeters and immediately 
after delivery the volume has diminished an 
additional 1,100 cubic centimeters so the 
total blood volume immediately postpartum 
is about the normal level for the nonpregnant 
woman. 

DISCUSSION 

Previous workers have shown a definite in- 
crease in circulating total red cell volume, 
plasma volume, and whole blood volume dur- 
ing normal pregnancy, but no previous study 
has pointed out, as do the data presented 
here, that there is an initial drop in the 
total red cell volume. This indicates that 
there is a true anemia during the first and 
second trimesters and that the decrease in 
red blood count and hemoglobin is not en- 
tirely due to hydremia, as has been postu- 
lated. The mechanism for the development 
of this anemia is not known. Since it does 
not seem possible that this anemia is due to 





BERLIN ET AL: 





Total red cell volume, cc 
Hemotocrit 











2 
immediate antepartum — 
immediate postpartum ~ | 
6 weeks postpartum — 


° 

Months 
Fig. 2. The total red cell volume and hematocrit in 
pregnancy. 


external blood loss, it should, therefore, be the 
result of either a decrease in the rate of 
formation of red cells or a decrease in the 
life span of the red cell, or a combination of 
both factors. It is possible that the endocrine 
changes occurring during pregnancy may pro- 
foundly influence the bone marrow. If it is 
assumed that this decrease in total red cell 
volume occurs uniformly during the first 2 
months of pregnancy and is due only to a 
change in the rate of formation of red cells; 


then, during 42 days, there is a 2co cubic 
centimeter decrease or approximately 5.0 


cubic centimeters per day. In the normal 
woman approximately 12 cubic centimeters 
of red cells are produced per day. If then 
this decrease is due to a decrease in the rate 
of formation of red cells the pregnant woman 
would be producing only 7 cubic centimeters 
per day of red cells or 58 per cent of normal. 
Studies of iron metabolism with radioactive 
iron designed to measure the rate of produc- 
tion of red cells would provide the answer to 
this question. Studies of the life span of the 
red cell would probably not be satisfactory 
since, during the time required to measure 
this, profound changes in both the total red 
cell volume and over-all metabolism are tak- 
ing place. 

A statistical analysis of the data obtained 
from the patients during the o to 2, and 2 to 
28 days antepartum periods indicates that 
there is a significant decrease in the total 
blood volume, total red cell volume, and 
plasma volume during this period. Analysis 
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Fig. 3. Comparison of total red cell volume in absolute 
values and cubic centimeters per kilogram body weight. 


of the difference between the two means indi- 
cates that the probability is less than .co1 
that this is due to chance. This decrease in 
blood volume during the last month of preg- 
nancy is, therefore, statistically significant and 
the finding is in agreement with the work of 
Thomson and co-workers and Caton and co- 
workers (4). 

The work of Lowenstein and co-workers 
showing a marked decrease in blood volume 
at the time of delivery is well confirmed by 
this study. During the intervals from im- 
mediately antepartum to immediately post- 
partum and 6 weeks postpartum the total 
blood volume returns promptly to the level 
of a normal nonpregnant woman and remains 
there. However, the return to a normal 
value of the total red cell volume and plasma 
volume is a slow process. Even at 6 weeks 
postpartum the total red cell volume is below 
normal while the plasma volume is elevated. 
The study of Magee and Milligan, although 
confined to concentration of red cells in the 
peripheral blood, indicates that observations 
for a period of as long as a year after delivery 
may be necessary in order to observe a re- 
turn to normal values. 

The effect of supplemental dietary iron on 
our observations is hard to evaluate. The 
good agreement in values of the total red 
cell volume in these patients and those studied 
by Caton and co-workers (3) with radioactive 
iron-labeled cells who were not given supple- 
mental iron would suggest that there was 
little or no effect of the supplemental iron on 








176 





the total red cell volume in normal preg- 
nancy. Furthermore, the studies of Lund 
show that in normal pregnant women given 
supplemental iron the increase in total hemo- 
globin is only slightly greater, a 23 per cent 
increase as compared to the 15 per cent in- 
crease in the total hemoglobin in controls 
not given supplemental iron. 

Figure 2, showing the total red cell volume 
and the hematocrit, indicates clearly that 
during the course of pregnancy’ there is an 
early rapid decrease in the hematocrit reach- 
ing a minimum in the third trimester fol- 
lowed by a progressive rise in the seventh, 
eighth, ninth months, and in the antepartum 
period. Comparison with the total red cell 
volume shows that the measurement of con- 
centration of red cells in the peripheral blood 
is grossly inadequate to describe the changes 
in total red cell volume since during the 
period when the hematocrit is still continuing 
to decrease, the total red cell volume is ris- 
ing, and conversely, while the hematocrit 
rises there has been noted a marked fall in 
the total red cell volume, i.e., in the ninth 
month and between the immediate ante- 
partum and the immediate postpartum pe- 
riod. This clearly indicates, as we have shown 
for other disease states, that the hematocrit 
is a grossly inadequate measure of the total 
volume of red cells. 

This type of analysis comparing different 
groups of individuals taken at different times 
is subject to certain limitations. It is our 
opinion that the groups are sufficiently large 
to be significant, although we realize that 
they are not as large as they should be ab- 
solutely to prevent chance variation in the 
blood volume from producing the observed 
findings. However, examination of Figure 3 
in which the total red cell volume is plotted 
both in absolute values and in cubic centi- 
meters per kilogram body weight shows that 
the values closely parallel each other, indi- 
cating that one could use either method for 
graphically presenting the data. Since there 
are marked changes in body weight during 


SURGERY, GYNECOLOGY AND OBSTETRICS 





pregnancy the comparison of blood volume 
as expressed in cubic centimeters per kilo- 
gram of body weight in an analysis of this 
type is less satisfactory than comparing the 
absolute values for the blood volume. 


SUMMARY 


1. The total blood volume has been de- 
termined in 181 pregnant or postpartum 
women. 

2. There is a true anemia in the first and 
second trimesters of pregnancy. 

3. Previous observations of a progressive 
increase in the plasma volume up to the ninth 
month of pregnancy have been confirmed. 

4. At delivery there is a decrease in the 
blood volume of approximately 1,100 cubic 
centimeters. 
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CARCINOMA OF THE 


ARCINOMA of the colon and rectum 
is often found at operation in a state 
of extensive local invasion of adja- 
cent organs and structures. In some 

instances the local spread renders the lesion 
obviously and hopelessly inoperable. In 
others, the malignant lesion, even though it 
involves more than one organ, may still be 
contained in its visible entirety within the 
perimeter of radical resection. 

Invasive cancer presents situations in which 
the surgeon must evaluate the resectability of 
the lesion in terms of technical feasibility, in 
terms of hazards presented by the operation, 
in terms of the estimated duration of survival 
of the patient, and finally in terms of the 
inatomic and physiologic defects created by 
the operation. The analysis of the surgical re- 
sults obtained in multiple organ resection for 
advanced carcinoma of the colon and rectum 
seems to be a desirable criterion upon which 
the surgeon may predicate his important de- 
‘isions. Without this analysis the surgeon 
would be less able to find a proper attitude 
between wanton radicalism on the one hand 
ind abdicative conservatism on the other. 

It is natural to assume that the greater the 
local involvement, the greater the chances for 
distant metastases. There is no doubt that this 
unfortunate relationship between the locally 
spreading lesion and the distant site of me- 
tastases exists in many patients. Yet, the 
existence of an infiltrating carcinoma cannot 
always be used as a sign of inoperability. A 
neoplasm which has left its primary site of 
origin and established itself in a neighboring 
organ or structure without visible or palpable 
distant metastases constitutes the desirable 
case for multiple organ resection. In the 
presence of such circumstances the entire 
lesion may be eradicated in continuity with 
the primary neoplasm. 
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The purpose of this paper is to point out 
that operability of advanced carcinoma of the 
colon and rectum may be extended by ap- 
proximately g per cent. This type of radicalism 
should be accomplished without markedly in- 
creasing the operative mortality and without 
inflicting crippling anatomic and physiologic 
defects upon the patient whose survival time 
may be limited by the spreading neoplasm. 

In a survey of 225 consecutive operations 
for carcinoma of the colon and rectum, 21 pa- 
tients were found at operation to have lesions 
which at first appeared to be inoperable. 
These lesions had spread from the primary 
sites to various neighboring structures and 
organs. The common sites to which these car- 
cinomas had spread either by direct contact or 
by regional lymphatics were the parietal peri- 
toneum, abdominal wall, fallopian tubes, uter- 
us, urinary bladder, duodenum, pancreas, 
stomach, spleen, and the diaphragm. These 
patients were thoroughly explored to rule out 
distant intra-abdominal metastases, and to 
determine resectability. Wide exposures were 
required to facilitate exploratory dissections 
of the neoplasm. This initial dissection was 
performed without destroying the blood sup- 
ply. The operation could be terminated with- 
out harming the patient if the exploratory dis- 
section revealed the mass to be inoperable. In 
all cases, the cohesion between the primary 
lesion and the adjacent organ and structure 
was due to carcinomatous infiltration rather 
than to an inflammatory process alone. This 
was confirmed, in every instance, by histo- 
pathologic examination. The operative exci- 
sion included the entire neoplastic mass re- 
moved en bloc. The resection in continuity, of 
course, was not possible in cases requiring 
partial resection of the liver. A survey of the 
patients on whom radical surgery was per- 
formed is presented in Table I. 


Fig. 3. 
DISCUSSION 

The analyses of data presented in Table I 
indicate that the best results were obtained 
in patients with primary carcinoma of the 
rectum infiltrating the body of the uterus. All 
patients in this series are alive and well. It is 
interesting to note that the 2 patients who 
have survived 10 years were treated as inop- 
erable elsewhere. 
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Fig. 1. Carcinoma of the rectum showing invasion of the 
body of the uterus. An adequate operation for this type of 
lesion is a combined abdominoperineal resection in contin- 
uity with total hysterectomy and bilaterai salpingo- 
oophorectomy. 

Fig. 2. Carcinoma of the rectosigmoid colon showing in- 
vasion of the urinary bladder. This is the type of lesion in 
which one-half of the urinary bladder was removed in con- 
tinuity with resection of the sigmoid colon. 

Fig. 3. Roentgenogram of patient T.G. showing carci- 
noma of splenic flexure with obstruction to the retrograde 
flow of barium. In order to encompass this lesion it was 
necessary to perform partial gastrectomy, partial pan- 
createctomy, splenectomy, left hemicolectomy, and resec- 
tion of one-fourth of the left diaphragm. 

Fig. 4. Patient T.G. showing the surgical problem 
(radical left hemicolectomy) and the reconstruction after 
resection (schematic). 

Fig. 5. Patient T.G. before surgery. 

Fig. 6. Patient T.G. 3 weeks after radical surgery. The 
left diaphragm was partially excised and advanced to a 
higher level on the thoracic cage. 


The patients with an infiltrating neoplastic 
process into the abdominal wall or perineum 
had the poorest results. In the 7 cases pre- 
sented in this series, it was not always possible 
to ascertain whether the neoplastic extension 
was caused by infiltration through regional 
lymphatics or by tissue contact. Only 1 pa- 
tient survived 5 years. 
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RESECTED 
OUTLINED 


Fig. s. 


(Legends on opposite page.) Fig. 6. 

The patients with carcinomas of the recto- ever resectable, should be removed because 
sigmoid or sigmoid with contact invasion of of the possible development of colovesical 
the dome of the urinary bladder had satisfac- _ fistula. 
tory results. They survived 3 to 4 years with- In the 225 operations performed, only 2 pa- 


” 


out urinary distress. This type of lesion, when- tients had resectable “solitary” liver metas- 
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TABLE I.—SUMMARY OF RESULTS IN MULTIPLE ORGAN RESECTIONS IN 
ADVANCED CARCINOMAS OF THE COLON AND RECTUM 


Pa- | | Age, 
































. i = diz ‘4 osis ere ion 2S Ss 
Gent ex years Diagnosis Operat Results 
A.K. | F | 65 | Ca. | Combined abdominoper-| ro years 

rectum ineal; total hysterec-| alive 
tomy; bilateral salpin 
| | go- “oophorectomy 
M.P.| F 64 |Ca ( “ombined 1 abdominope T-| 10 years 
rectum ineal; total hysterec-| alive 
| tomy; he perl salpin 
go- oophorectomy 
M.I. | FE 59 | Ca. Combined abdomtnoper- + months 
} rectum ineal; total hysterec-| alive 
tomy; bilateral salpin- 
go- oophorectomy 
Bc. F 5% Ca. Resection of sigmoid, 4 years 
sigmoid one-half of urinary died of 
bladder liver me- || 
tastases 
E.B. | M ss Ca Resection of sigmoid, 4 years 
sigmoid one-half of urinary alive 
bladder 
DJ. | M | 66 | Ca. Resection of sigmoid, 3 years 
| sigmoid one-half of urinary died of 
bladder peritone- | 
| aland | 
| liver me- | 
tastases 
L.Z. | M | 67 | Ca. Combined abdominoper-| I year 
rectum ineal; part of peri- | died of 
| anal area metas- 
tases 
M.B. M 56 | Ca. recto- | C Sombined abdominoper- I year 
sigmoid ineal; — resec- | died of 
tion of abdominal wall! metas- 
tases 
P.P. | M 63 | Ca. Cc combined ‘sbdominoper- 3 years 
rectum ineal; second stage died of 
resection of perianal metas- 
area tases 
F.M.| I | 70 | Ca | ‘Combined abdominoper- 2 years 
rectum | ineal; part of vagina alive 
ALL. F | 60 Rem ‘recto- | Resection of sigmoid, 5 years 
| sigmoid | adjacent peritoneum, alive 


| | psoas muscle 






































Pa- Age, : ‘ 
Il cetene | * | years | | ae Operation | Results 
ALK. I 32 ili C: a. sig- Resection of sigmoid, | 2 years 
| moid, colon, partial resection} died of 
multiple | of abdominal wall metas- 
polyposis} tases 
| F.K. M | 36 |Ca | Resection of sigmoid, 2 years 
| | sigmoid, | colon, partial resection) died of 
| multiple of abdominal wall metas- 
| polyposis} tases 
C.L M 68 | Ca. | Left hemicolectomy 4 5 days 
| | | sigmoid | splenectomy died of 
| | | peri-_ 
| | | : tonitis 
A.G. F | 67 | Ca. | Left hemicolectomy, 7 years 
| sigmoid ua splenectomy alive” 
M.V. F 51 c a. “splenic| Left hemicolec tomy, | 5 years 
flexure splenec tomy | alive 2 
AM. F 68 | Ca. trans- | Resection of transverse | 3 year 
verse | colon, partia | died of 
| colon | hepatectomy liver me- 
| | | tastases 
P.K M 48 | Ce ‘a. cecum| | Subtotal colectomy, | 13 years 
; Ca. total left hepatic | 
| splenic lobectomy 
flexure | _| 
G.B M 72 | Ca. as- | Rt. hemicolectomy, | Ir months 
cending partial gastrectomy, died of 
| colon; pancreatoduodenec- | metas- 
| duodenal) tomy | tases 
| | obstruc- | | 
| | tion | | 
| M. P. M 46 | | Ca. as- | Rt. hemicolectomy, | 21% years 
| cending | partial gastrectomy, | died of 
colon, | pancreatoduodenec- metas- 
duoden- | tomy tases 
| ocolic | 
| fistula 
2G. M 63 | Ca. | Colostomy, left hemi- 3 years 
splenic colectomy, partial gas- "ie 


flexure, trectomy, ‘partial pan- | 
obstruc- | createctomy, resection) 
tion | of one-fourth of left } 

| diaphragm, | 

| | splenectomy | 





tases. The first patient had a carcinoma of the 
splenic flexure and a palpable nodule in the 
left lobe of the liver. After left hemicolectomy, 
the entire left lobe of the liver was resected. 


























TABLE II.—SUMMARY OF RESULTS OBTAINED 
IN RADICAL SURGERY 

No Per cent 
We ln 
Hospital mortality i ar eeeae. : | 4.76 
Patients surviving 10 or more years: MeN: ia 3 ey - 
Patients surviving 5 to 10 years ee nie. 6 mi 28.6 - 
Patients surviving 2 to 5 years oe ee ju mn | ae ‘ 
Patients surviving less than 2 years. ee i : 6 aii 28.6 - 
Patients surviving 2 to 13 years a | 67 





Microscopic examination revealed a benign 
cholangioma. This patient is alive and in good 
health today. He has survived 13 years and 
has had carcinoma of the cecum, carcinoma of 
the splenic flexure, and 5 separate squamous 
cell carcinomas of the skin. 

The second patient had a carcinoma of the 
transverse colon and a solitary nodule in the 
right lobe of the liver. A triangular segment of 
the liver was resected as well as the transverse 
colon and the greater omentum. One year 
later, at necropsy, the liver was almost com- 
pletely replaced with metastases. 

Carcinoma of the upper colon with contact 
invasion of the epigastric organs, such as duo- 
denum, pancreas, stomach, spleen, or dia- 
phragm, presented several challenging prob- 
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TABLE III.—PATIENTS ADMITTED WITH DE- 
LAYED DIAGNOSIS OR WITH DIAGNOSIS OF 
INOPERABLE NEOPLASM 


Two to Io year 
survival after 
radical surgery 




















| No. | Percent | Per cent 
Radical surgery | 21 ; yoo |! 67 ; 
Treated Glewhere as inoperable | 5 23.8 | me 80 = 
‘Without surgical exploration a. 2 9 s| “100 i 
After surgical exploration z= 14 i 66. 7 _— 
Delayed by misdiagnosis a “ # 3 a 4 “‘~ o 66 7 a 
Surgery delayed ain 3" te | 75 ie, 





lems. Adequate exposure was one of them. 
Thoracolaparotomy was used to obtain satis- 
factory exposure in the patient with a large 
carcinoma of the splenic flexure with invasion 
of the tail of the pancreas, spleen, stomach, 
ind diaphragm. After resection of the mass 
‘ontaining parts of these organs, the dia- 
yhragm was reconstructed by suturing it to 
ihe upper edge of the thoracic wall incision, in 
ihe bed of the eighth rib. This closed the 
thoracic cavity long before the remaining op- 
‘rative procedure was completed. This ma- 
neuver did not compromise the exposure ob- 
‘ained by the thoracolaparotomy incision. 

Another problem encountered in this group 
was the difficulty in determining resectability 
it exploration. When several organs are fused 
together by a neoplastic process, the bulk of 
the mass may obscure extensive lymphatic 
metastases. The patient whose invasive carci- 
noma of the hepatic flexure was resected by 
right hemicolectomy and pancreatoduodenec- 
tomy presented such a problem. After resec- 
tion of the carcinoma mass, inoperable lym- 
phatic metastases were found in the retroperi- 
toneal area. This patient survived only 11 
months. The operation inflicted was too radi- 
cal. A better procedure would have been a 
simple gastrojejunostomy to relieve the duo- 
denal obstruction and ileocolostomy to by- 
pass the obstructing carcinoma of the hepatic 
flexure. 

It may be assumed that delay in diagnosis 
is one of the reasons for a carcinoma reaching 
the advanced stage. This delay often is caused 
by a reluctance on the part of the patient to 
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TABLE IV.—STUDY OF OPERABILITY AND RE- 








SECTABILITY IN CARCINOMA OF COLON 

AND RECTUM 
No Per cent 
Cancer patients examined inane: a © pra 
Sasweee not recommended Tia : i a 5 & cES 
Patients found operable ; a 7 “995. “os 
Patients found not resectable a 2 “i a 
Patients found resectable i “3: } aie 
Patients with multiple organ resection ay i= mae % 








seek medical care. In this series, 3 cases were 
misdiagnosed, 5 were declared inoperable, and 
13 patients did not seek medical care until the 
neoplasm reached the advanced stage. The 
survival of these patients after radical surgery 
is shown in Table III. 

The diagnosis of cancer of the colon or rec- 
tum was made in 230 patients. Only 5 pa- 
tients were found inoperable. The frequency 
with which the advanced carcinoma occurred 
within this series of cases is demonstrated in 
Table IV. 

There are great differences in the rate of 
resectability which have been reported by 
various authors. A partial quotation from 
Bacon indicates rates of from 35 to gt per 
cent (Table V). 


TABLE V.—STATISTICS ON RESECTABILITY* 








Name Reported No. of Per cent 
year cases resectable 

Hayden 4 aan T es | 65 pe _ 
Hayden aa cae — —* 7 
David 1936 = : 00 a. 
Lahey : 1930 7O . 
Lahey - 1946 - ae 83 
Cattell 1043 7 : 335 83.5 - 
Cattell 1947 me 7 a 90.7 
Babcock 1oa7 a i 220 : 77 
Dabok = 1946 7 550 a. 07 
Miles as. ie - | : 65 
David and Gilchrist 1942 - — 277 : 65.8 
Vynalek : ‘s 1007 i 486 35.6 
Baker 1944 O| a 
Bacon avd Gass ay —_ 256 a 80.2 - 
Bacon (Group A) — 1948 800 87.7 





*Quoted from: Bacon, H. E. Anus, Rectum, Sigmoid Colon; Diagnosis 
and Treatment. 3rd ed. Philadelphia: J. B. Lippincott Co., 1949. 
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The reasons for these marked variations are: 
(1) the lack of strict adherence to the defini- 
tion of the terms operability and resectability ; 
(2) statistics obtained from charity institu- 
tions have lower rates than those reported 
from private hospitals; (3) hesitation on the 
part of many authors to report a case as re- 
sectable when the resection of the primary 
mass was executed as a palliative procedure. 
The term “operability” means any operation 
performed specifically for the treatment of the 
disease; whereas the term “‘resectability”’ re- 
fers to the actual removal of the primary 
neoplastic mass with either palliative or cura- 
tive intent. 
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CONCLUSIONS 

1. An extension of carcinoma of the colon 
and rectum into another organ or structure is 
not necessarily a contraindication to curative 
or palliative surgery. 

2. The resection of the primary lesion in 
continuity with the involved adjacent organ 
or structure increased our rate of resectability 
by g per cent. 

3. An exploratory dissection of a neoplastic 
mass without compromising blood supply may 
convert a seemingly hopeless mass into a re- 
sectable one. Such an exploratory dissection 
avoids irretrievable radicalism and diminishes 
the possibility of abdicative conservatism. 




















FRACTURE OF THE PROXIMAL PORTION OF THE TIBIA 


IN CHILDREN FOLLOWED BY VALGUS DEFORMITY 


LEWIS COZEN, M.D., F.A.C.S., Los Angeles, California 


RACTURE of the tibial shaft in chil- 

dren generally is not associated with 

complications. This fracture is deemed 

innocuous especially if displacement is 
not concomitant. This paper records 4 in- 
stances of valgus deformity following fracture 
of the upper part of the tibial shaft in chil- 
dren. In all cases displacement of the frac- 
ture was minimal. 


REPORT OF CASES 


CasE 1. R.L., aged 6 years, sustained a fracture 
of the proximal portion of the left tibia and fibula 
as a result of a bicycle accident (Fig. 1). The tibia 
was manipulated under general anesthesia May 5, 
1941, the day of the accident. A cast was applied 
from the toes to the groin with moderate flexion of 
the knee (Fig. 2). Approximately 3 years after the 
accident, July 20, 1944, he returned to the clinic 
because of severe valgus deformity which had taken 
place at the knee (Fig. 3a). A follow-up after 
December 1944 was not possible because the patient 
moved out of the state. 

CASE 2. L.P., aged 5 years, fell while roller skat- 
ing on January 28, 1950. Incomplete fractures of 

From the Clinics of the Orthopedic Hospital, Los Angeles. 


the proximal portion of the left tibia and of the left 
fibula were incurred (Fig. 4). The position was ex- 
cellent and a cast was applied from the toes to the 
groin, with the knee flexed about 30 degrees (Fig. 
5). Immobilization with a plaster cast was contin- 
ued for 7 weeks, and union was solid. On removal 
of the plaster the position of the site of the fracture 
was excellent, and roentgenograms made at frequent 
intervals disclosed maintenance of excellent position. 
On clinical examination in May 1950 considerable 
valgus of the knee at the site of the fracture was 








a Fig. 2. b 


Fig. 1. Case 1. 


cident. b, After application of a plaster cast immediately 
following the accident. 
Pig... 2. 


Case 1. Three weeks after the accident. 


a, The fracture at the time of the ac- 


183 


a Fig. 3. b 


Fig. 3. Case 1. a, Three years after the accident; there 
is considerable valgus without evidence of damage to the 
epiphyseal line. b, Correction of the valgus was performed 
by supracondylar osteotomy. 





Fig. 5. 


seen and a roentgenogram confirmed the presence 
of valgus deformity (Fig. 6). The valgus deformity 
on clinical examination was more obvious than that 
seen on roentgenographic examination. The patient 
was then seen by Dr. Harold Crowe who prescribed 
a long leg brace to correct the deformity. After the 
brace had been worn for 6 months the deformity was 
corrected. When last examined by Dr. Crowe on 
August ‘7, 1951, 18 months after injury, the valgus 
deformity had not recurred but the involved leg 
was 14 inch longer by measurement from anterior- 
superior iliac spine to internal malleolus. 

CASE 3. E.M., aged 7 vears, sustained a fracture 
of the upper part of the tibia and of the fibula as a 
result of being struck by an automobile. The epiphy- 
seal plate evidently was not involved (Fig. 7). Re- 
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Fig. 6. 


Fig. 4. Case 2. The fracture at the time of injury. 

Fig. 5. Case 2. The fractured tibia encased in plaster; 
displacement of the fracture is not present. 

Fig. 6. Case 2. Valgus deformity of the left tibia after 
removal of the plaster and complete union of the fractured 
ends. The involved leg is on the reader’s right. 


duction was performed under general anesthesia, but 
slight valgus remained. A cast extending from the 
toes to the groin was worn for 5 weeks. On removal 
of the cast, severe valgus of the knee was noted. A 
brace with a valgus strap was worn at night only, 
and an inner wedge was used on the heel of the 
shoe. However, these measures were ineffective in 
correcting the valgus deformity after 4 months 
(Fig. 8). 

CasE 4. M.B., aged 3 years, sustained a fracture 
of the upper end of the tibia on March 24, 1949, as 
the result of being struck by an automobile. There 
was no displacement of the fracture; a cast was ap- 
plied from the toes to the groin (Figs. 9, toa, and 
10ob). The cast was removed at the end of 7 weeks, 
at which time moderate valgus deformity of the knee 
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was noted. A long leg brace with a valgus knee 
strap was applied on March 3, 1950, since spontan- 
eous correction had not occurred during the interim 
(Figs. tob and 11a). On November 17, 1950, the 
brace was discarded since valgus deformity had al- 
most completely disappeared (Fig. 11b). On that 
date the involved right tibia was % inch longer than 
the left. Both femurs were of equal length as 
measured by teleroentgenogram. 


DISCUSSION 


It is not the purpose of this report to de- 
scribe alterations in length following fractures 
in children. Blount (2) and Aitken have writ- 
ten on this subject before. The purpose of 
the report is to emphasize the valgus deform- 
ity following this particular type of fracture. 
The author’s attention has been called to the 
presence of several additional cases other than 
those which have been described, but because 
of medicolegal implications they cannot be 
reported. 

What is the cause of the valgus deformity 
in the cases reported? Was the original frac- 
ture reduced inadequately? In 2 cases there 
was no displacement; in the other 2 reduction 
unquestionably was adequate. Was immobi- 
lization discontinued before the fractured ends 
had united? This could not possibly be the 
cause since plaster casts, full length from toes 
to groin, were worn until union was solid. 
Was there permanent injury to the epiphyseal 
disc? None was evident on the roentgeno- 
grams. 

Several possibilities remain. One is that 
stimulus to overgrowth—a well known phe- 
nomenon in fracture of growing bones—was 
unequal in the tibia and the fibula. If the 
stimulus to growth was greater in the tibia 
than in the fibula, valgus deformity would 
occur. 

Blount (3) suggests the possibility of stim- 
ulation to a small portion of the epiphyseal 
plate as another explanation for the deformity 
phenomenon. 

Another possible cause for the deformity 
might be the restraining influence of the ilio- 
tibial band. Irwin has pointed out the de- 
forming power of this band in poliomyelitis. 
In healing fractures its influence may be sim- 
ilar. The bowstring effect of the iliotibial 
band may be enhanced by incomplete fracture 
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Fig. 7. Case 3. Roentgenogram of the original fracture 
which demonstrates that the epiphyseal line apparently is 
not involved. 





Fig. 8. Case 3. Anterioposterior views of both tibias 6 
months after the fracture occurred. The valgus deformity, 
as well as the increased length of the right tibia, is evident 
on the teleroentgenogram. 
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b 
Fig. 10, 


Fig. 9. Case 4. a, Both legs at the time of the fracture of the left tibia. b, The 
position of the fracture is excellent after application of the plaster without manipula- 
tion; note that the epiphyseal line is not involved. 

Fig. 10. Case 4. a, b, Roentgenograms 3 weeks after the fracture demonstrate 
maintenance of the original excellent position. c, Ten months after the fracture was 
sustained, roentgenogram reveals valgus deformity of the left tibia (the left tibia is on 
the reader’s right). 
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Fig. 11. Case 4. a, The amount of valgus deformity 1 year after the occurrence 
of a nondisplaced fracture of the upper parts of the tibia and the fibula. b, The val- 
gus deformity is well corrected after a corrective brace was worn for 8 months. 
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of the fibula or surface of the tibia. In any 
event the deformity, following fractures in 
the upper third of the tibia in children, must 
be recognized as a real hazard. In 3 of these 
4 cases malpractice litigation was threatened. 

Prevention of the deformity is problematic. 
It may be possible to immobilize these frac- 
tures in a position of slight varus, anticipating 
the propensity to valgus. 

Correction of the deformity, once it has 
occurred, may be accomplished by means of 
a long leg brace with a valgus strap or pad. 
Such a brace must be worn during the day 
for a period of 4 to 6 months. Osteotomy, 
preferably supracondylar, to prevent recur- 
rence of the deformity, is an alternative meth- 
od of treatment. 
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SUMMARY 


Valgus deformity occurred as a complica- 
tion to the healing of fracture of the proximal 
portion of the tibial shaft in 4 children. It is 
suggested that this is a complication to be ex- 
pected and that the parents of the patients 
should be warned regarding the possibility of 
its occurrence. Absence of obvious injury to 
the epiphyseal plate does not seem to prevent 
this deformity. 


REFERENCES 


1. AITKEN, A..P. The end results of the fractured distal 
tibial epiphysis. J. Bone Surg., 1936, 18: 685. 

2. Biount, W. P. Fractures of the femur in children. 
South. M. J., 1944, 37: 481. 

3. Idem. Personal communication. 

4. Irwin, C. E. 
31-A: 141. 


The iliotibial band. J. Bone Surg., 1949, 

















EXPERIMENTAL UREMIA: EXCESSIVE QUANTITIES OF 


PLASMA PROTEIN AND NITROGEN 


REMOVED IN 


THE OUTFLOW FLUID DURING PERITONEAL 
IRRIGATION OF BILATERALLY 
NEPHRECTOMIZED DOGS 


E. E. MUIRHEAD, M.D., F. JONES, B.S., J. A. STIRMAN, M.D., and 
W. LESCH, B.A., Dallas, Texas 


HE prolongation of the life of the dog 

following bilateral nephrectomy by 

means of dialyzing procedures, such 

as peritoneal irrigation, brings into 
focus several outstanding disturbances as- 
sociated with this form of renal insufficiency 
and uremia. Three readily detectable and 
prominent disturbances have been previously 
emphasized, hypertension, cardiovascular le- 
sions, and an anemia associated with a hemo- 
lytic mechanism. In the present communica- 
tion we wish to describe additional significant 
disturbances in this experimental preparation, 
namely, the removal from the organism of 
considerable quantities of plasma protein and 
nonprotein nitrogen via the irrigating fluid 
used in the peritoneal lavage. The variations, 
magnitude, and other general features of the 
removal of protein and nitrogen by this route 
will be discussed. Moreover, the occurrence of 
hypertension, under the influence of protein 
and nitrogen depletion will be described. 


METHODS 


Adult mongrel dogs weighing 8.6 to 19.7 
kilograms were used. The kidneys were re- 
moved under ether anesthesia 1 week apart by 
the posterior extraperitoneal approach. Peri- 
toneal irrigation was begun on the day of the 
second nephrectomy. The irrigating tech- 
nique and the composition of the irrigating 
fluid have been described elsewhere (5). The 
daily volume of fluid removed from the peri- 
toneal cavity varied between 1,000 and 6,800 
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cubic centimeters; the usual volume varied 
between 2,000 and 4,000 cubic centimeters. 

The diet consisted of a semisolid formula 
containing peanut oil, glucose, protein, and 
vitamin supplements, as previously described 
(5). The protein intake varied between 0.5 
and 3.5 grams per kilogram body weight per 
day. The total caloric intake and its relation 
to the nitrogen intake and output are con- 
sidered later. 

The total protein concentration of the daily 
pool of irrigating fluid removed was deter- 
mined by the Greenberg method which had 
been standardized by the micro-Kjeldahl and 
nesslerization technique. The nitrogen con- 
centration of the fluid was determined by 
microdigestion, direct nesslerization and color- 
imetric determination. The blood urea was 
determined by the method described by Tay- 
lor and Blair. Fractionation of the plasma and 
peritoneal fluid proteins was accomplished by 
the precipitation method of Kibrick and Blon- 
stein. The electrophoretic patterns were con- 
ducted with the following conditions: electro- 
phoretic analyses were made in a Tiselius 
apparatus having a single sectional microcell 
of 2 milliliter capacity. Each serum sample 
was previously diluted with 3 volumes of 0.02 
molar sodium phosphate buffer, pH 7.4, and 
containing 0.15 molar sodium chloride. Sam- 
ples of peritoneal lavage were analyzed un- 
diluted. Before analysis both serum and peri- 
toneal lavage samples were dialyzed against 
large volumes of the buffer which was also 
used to fill the electrode vessels of the appara- 
tus. Pictures of the protein patterns were 
taken using the Longsworth scanning method 
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TABLE I.—FREQUENCY DISTRIBUTION OF THE 
DAILY PROTEIN CONCENTRATION WITHIN 
THE OUTFLOW PERITONEAL FLUID (19 DOGS) 

No. of 
observations 
3 
36 
42 
26 
44 
22 
12 


Concentration 


Mean = 4.08 gm./ liter 


after 1 hour of electrolysis with a field strength 
of 4.2 volts per centimeter. The plasma 
volume was determined with the T-1824 dye 
according to Mayerson and co-workers. The 
mean arterial pressure was obtained by means 
of direct femoral artery puncture and a mer- 
cury manometer. 

The various observations were conducted 
during the first 15 days after the removal of 
the second kidney. 


PLASMA PROTEIN IN THE OUTFLOW FLUID 
DURING PERITONEAL IRRIGATION 


Total protein concentration in peritoneal 
fluid. The variations of the total protein con- 
centration in the outflow fluid from the peri- 
toneum up to 15 days after the second ne- 
phrectomy are exemplified by the 10 examples 
depicted in Figure 1. Four general groups are 
demonstrated. In the first group of 3 dogs the 
protein concentration varied mainly between 
1 and 3 grams per liter. In the second and 
third groups of 3 dogs each, the concentration 


TABLE II.—TOTAL PLASMA PROTEIN IN PERI- 
TONEAL FLUID EXPRESSED AS GRAMS PER 
DAY PER KILOGRAM WEIGHT 


gm./kgm./day 
° : 6 


No. of dogs 


gm./kgm./day 
Mean weight = 13.1 kgm. 
Aver. amt., 12.6 gm./day 


Mean = 1.03 
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varied mainly between 3 and 5 and 5 and 7 
grams per liter respectively. In the last 
group of 1 dog the concentrations were mainly 
between 8 and 12 grams per liter. Nine addi- 
tional dogs, not depicted in the figure, had 
concentrations of protein varying between 2.5 
and 6 grams per liter. Thus, the protein con- 
centration remained within certain ranges and 
appeared to represent in part, an individual 
characteristic of the animals. While in some 
animals there was a slight elevation of the 
protein concentration during the first 3 days, 
as from 1 to 3 or from 2.5 to 4 grams per liter, 
in others the concentration remained fairly 
steady throughout. In all animals the general 
range of concentration obtained throughout 
the 15 days was indicated by the concentra- 
tion within the first 3 days. 

An additional expression of the protein 
concentration within this artificial form of 
ascites is related by the frequency distribution 
of all daily protein concentrations of the 19 
dogs given in Table I. The mean value was 
4.08 grams per liter (¢ + 2.0). 

Total protein in peritoneal fluid. The total 
quantity of protein removed from the animals 
each day by the peritoneal irrigation naturally 
was an expression of the protein concentration 
and the total volume of fluid removed. With 
these animals the total volume of fluid re- 
moved per day varied between 1 and 6.8 
liters (usually 2 to 4 liters), thus, the total 
quantity of protein removed varied between 
1 and 65 grams per day. In Table II is related 
the frequency distribution of the protein re- 
moved from 16 dogs expressed as grams of 
protein removed per kilogram per day. The 
values varied between 0.5 and 1.3 grams per 
kilogram per day with an average of 1.03 
grams per kilogram per day. The average 
weight of the 16 dogs was 13.1 kilograms. The 
mean daily loss of plasma protein by this 
route, as averaged from the individual figures, 
was 12.6 grams, a quantity representing about 
one-third of the average total quantity of 
circulating plasma proteins. 

Circulating plasma protein concentration. 
The variations in the circulating plasma pro- 
tein concentration in 18 dogs are depicted in 
Figure 2. There was an average decrement in 
concentration of 1.3 grams per 100 cubic centi- 
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meters of plasma. The hypoproteinemia oc- 
curred in the absence as well as in the presence 
of weight loss. As related in Figure 2, the main 
decrement occurred during the first week, 
thereafter further decrements tended to be less 
pronounced. Below it will be pointed out that 
the hypoproteinemia resulted mainly from a 
recession in the plasma albumin concentration. 

Changes in the protein fractions of the cir- 
culating plasma. The protein of the circulating 
plasma was fractionated by the method of 
Kibrick and Blonstein on the first day and 
about 1 week after the second nephrectomy. 
The results from g dogs are summarized in 
Table III. The alpha globulin fraction was 
slightly increased in 6 and slightly lowered in 3 
animals giving a minimal increment in the 
average figure. The beta globulin fraction was 
slightly decreased in 7, slightly increased in 1, 
and unchanged in 1, giving an average figure 
indicating an over-all slight decrease in this 
fraction. The gamma globulin fraction was as 
often decreased as increased, the average being 
slightly increased. When the globulins were 
totaled they were only slightly lowered in con- 
centration during the first 2 weeks following 
bilateral nephrectomy. 

As mentioned previously, the total protein 
concentration was lowered by over 1 gram per 
100 cubic centimeters. This resulted mainly 
irom a decrement in the albumin concentra- 
tion (average minus 0.9 gm. per 100 C.C.), 
although the fibrinogen concentration was 
also lowered. 

Changes in the protein fractions of the peri- 
‘oneal fluid. All protein fractions in the out- 
flow peritoneal fluid increased in concentra- 
tion during the first 2 weeks (Table IV, same 9 
dogs as in Table III). The increments in 
alpha and gamma globulin exceeded those of 
beta globulin. The fibrinogen and albumin 
concentrations in the fluid were distinctly 
clevated. The fractionation properties as well 
as the electrophoretic mobility of the proteins 
indicated their source from plasma protein. 

Plasma: peritoneal fluid ratio of various pro- 
tein fractions. The ratio of the various protein 
fractions in the plasma to the fluid underwent 
a marked change due to the alterations in the 
various concentrations mentioned. In general 
the fractions in the circulating plasma de- 
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Fig. 1. The figure depicts the protein concentration in 
the outflow peritoneal irrigation fluid, expressed as grams 
per liter. The observations were conducted up to 15 days. 
The horizontal lines isolate the main ranges 1 to 3, 3 to 5, 
5 to 7, and 8 to 12 grams per liter. Four groups falling 
mainly within these ranges are shown. The open circle, 
solid dot, and triangle indicate the values for individual 
dogs. 


creased while those in the fluid increased 
culminating in a prominent drop in the ratio 
as follows: alpha globulin, —63 per cent; beta 
globulin, —60 per cent; gamma globulin, —51 
per cent; fibrinogen, —39 per cent; albumin, 
— 58 per cent; total protein, —56 per cent. 
Electrophoretic pattern of plasma and peri- 
toneal fluid. Electrophoretic patterns were 
obtained from simultaneous samples of plasma 
and fluid in 8 dogs. These were obtained on 
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Fig. 2. The plasma protein concentration, expressed as 

grams per 100 cubic centimeters, during the course of daily 

intermittent peritoneal irrigation of nephrectomized dogs. 

The mean curve indicates a hypoproteinemia which de- 

veloped mainly during the first week after the second 
nephrectomy. 
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Fig. 3. Electrophoretic patterns of serum and fluid ob- 
tained the same day are shown. a and a’ represent the serum 
and fluid patterns on the first day. b and b’ represent the 
serum and fluid patterns 1 week later. Further comments in 
the text. 


the first day and about 1 week later. A typical 
example of the ascending boundary is given in 
Figure 3. These observations corroborated the 


fractionation findings obtained by the pre- 
cipitation method. Thus, it can be noted that 
on the first day (patterns a and a’) the usual 
peaks are noted for the plasma proteins where- 
as the fluid had mainly an albumin peak and a 


minor globulin-fibrinogen zone. One week 
later, however, marked changes occurred (pat- 
terns b and b’). The plasma albumin peak is 
lower while the globulins remain prominent. 
In the fluid, on the other hand, the prominence 
of the albumin and globulin-fibrinogen zone 
made for a pattern resembling that of the plas- 
ma more clearly. Similar observations were 
noted in the 8 dogs studied. The changes in 
the pattern of the proteins in the plasma sug- 
gest changes in the configuration of the mole- 
cules which conceivably could influence the 
diffusion through the peritoneum. This pos- 
sibility is being considered. 

Changes in total circulating plasma protein 
versus plasma protein loss via the irrigating 
fluid: evidence for considerable generation of 
plasma protein. The total circulating plasma 
protein was determined by the plasma volume 


TABLE III.—CHANGES IN THE PROTEIN FRAC- 
TIONS OF THE CIRCULATING PLASMA, GRAMS 
PER LITER 


II 
After 
5-9 days 


Protein 
Alpha globulin 


Beta globulin 
Gamma globulin 
Fibrinogen 


Total globulins Licata sional 
av. 36.0 | 





. 20-39 
Albumin sscaisiceaalelalea 
av. 29.0 | av. 20.0 


25 “ 57-72 | 45-63 
Total protein ees een 
av.65.0 | av. 54.0 











as estimated by the T-1824 dye method and 
the total plasma protein concentration. De- 
terminations were conducted before and 1 to 
2 weeks after the second nephrectomy. Dur- 
ing the same intervals the total quantity of 
plasma protein removed via the outflow peri- 
toneal fluid was determined by volume meas- 
urement and the measurement of the protein 
concentration of pooled 24 hour collections. In 
Table V the results in 12 dogs have been re- 
duced to the quantities involved per day. It is 
apparent in Table V that the total quantity of 
circulating plasma proteins was either un- 
changed or actually increased in 50 per cent 
of the dogs while at the same time consider- 
able quantities of plasma protein were being 
lost in the irrigating fluid. In the remaining 
50 per cent of the dogs the total amount of 
plasma proteins decreased but to an extent far 
lower than expected in accordance with the 
quantities removed in the irrigating fluid. The 
differences between these two sets of data are 
so great as to indicate a considerable produc- 
tion of plasma protein during the intervals in- 
volved. According to these data, the quanti- 
ties of plasma protein produced per day varied 
between 6 and almost 40 grams. The mean 
figures would indicate an average production 
of o.92 gram of plasma protein per kilogram 
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TABLE IV.—CHANGES IN THE PROTEIN FRAC- 
TIONS OF THE PERITONEAL FLUID, GRAMS 
PER LITER 





II 
After 
5-9 days 


I . 
. Ratio 
First I/II 


day 


Protein 





0.05-0.94 0.7-0.15 0.05-0.46 


Alpha globulin 





av. 0.38 av. 1.0 


0.16-0.55 


av. 0.3 





0.03-0.38 0.03-0.78 


Beta globulin 





av.o.2 


0. 18-0. 87 


av. 0.44 av.0.4 





0.2-2.0 ©.2-1.7 
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TABLE V.—RELATIONSHIP OF CHANGES IN TO- 
TAL PLASMA PROTEIN AND PROTEIN CON- 
CENTRATION TO AMOUNT OF PROTEIN LOSS 
IN FLUID 





Body wt. 
before sec- 
< ne- 
phrectomy, 
kgm. 


Plasmapro- 
tein pro- 
duced 
(average) 
gm./day 


+2.2 6.9 9.1 


Change in |Protein loss 
total plas-| in fluid 
ma protein!) (average)? 
gm./day | gm./day 


No. days 
for obser- 
vations 


Dog 
No. 





13.2 1§ 





13.9 9.2 5-7 





11.8 15.1 13.7 





Gamma globulin 
av. 0.4 


0. 28-1 .63 


av. 0.84 


©.16-1.1 


av. 0.76 





0.3-4.8 
Fibrinogen 





av. 0.7 av. 1.3 


2.0-6.3 


av. 0.75 





1.0-3.1 0.14-0.8 





Total globulins 


av. 1.6 av. 3.5 


1.6-3.8 


av.o.5 





0.7-3.0 0.24-1.3 


Albumin 





av. 1.5 


2.0-6.3 


av. 2.4 av. 0.63 





3-7-9.4 0.22-0.74 


Total Protein 











av. 3.1 av. 6.0 av.o.5 








body weight per day. Thus, a considerable 
segment of the protein economy of the body 
appeared to be directed toward the produc- 
tion of plasma protein, in a manner and 
magnitude comparable to that encountered in 
dogs severely depleted of plasma proteins by 
plasmapheresis. 

Summary of changes related to plasma pro- 
teins.—The following observations have been 
made on the plasma proteins in the circulat- 
ing plasma and outflow peritoneal fluid dur- 
ing intermittent peritoneal irrigation of bi- 
laterally nephrectomized dogs for intervals up 
to 15 days: (1) The total protein concentration 
of the outflow fluid varied between 1 and 13 
grams per liter (average 4 grams per liter) 
but tended to remain within relatively narrow 
ranges as an apparent individual dog char- 
acteristic. (2) Due to the volumes of fluid 
removed by the irrigating procedure consider- 
able quantities of protein were removed from 
the organism each day, the mean figure in- 
dicated a loss of nearly 1 gram per kilogram 
per day. (3) The circulating plasma protein 
concentration was reduced by an average of 
1.3 grams per 100 cubic centimeters, mostly 
within 1 week; the reduction was due mainly 
to a decrement in the plasma albumin con- 
centration. (4) By fractionation and electro- 


18.8 , 20. 





13.6 I 39 





9.0 7. 





11.3 14.5 13. 





13.4 Ir.o 


16.3 7.8 7.8 


10.0 








10.8 9.0 9.0 





15.5 8.0 6.3 





15-5 7 9.0 9.0 




















Average 13.6 9.6 

1 (Plasma vol. X plasma protein conc.):—(Plasma vol. plasma protein 
conc.)1 + No. days 1 to 2 f 

2 Daily addition of (vol. peritoneal fluid X protein conc.) + No. days 

gt ny protein in fluid (7-15 days)—Decrement total plasma protein 
+ No. days 


—0.5 13.1 12.6 





phoretic studies the protein in the outflow 
fluid was identified as plasma protein. (5) In 
the course of the irrigating procedure and the 
uremia the concentrations of the plasma glob- 
ulin fractions (alpha, beta, gamma) were 
slightly and inconsistently disturbed while the 
plasma fibrinogen and albumin concentrations 
were significantly lowered, while at the same 
time the concentration of all globulins, fibrino- 
gen, and albumin in the outflow fluid were 
increased; yet, the total protein concentration 
in the outflow fluid remained relatively low, 
thus suggesting a minor increase in per- 
meability to proteins or a greater diffusion of 
altered protein molecules. (6) Evidence was 
obtained indicating a considerable generation 
of plasma proteins during the course of the 
peritoneal irrigation in association with the 
removal of protein in the irrigating fluid. 


TOTAL NITROGEN IN THE OUTFLOW FLUID 
DURING PERITONEAL IRRIGATION 


Total nitrogen concentration in the peritoneal 
fluid. There was a marked variation in the 
nitrogen concentration of the peritoneal fluid 
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TABLE VI.—THE FREQUENCY DISTRIBUTION OF 
THE DAILY TOTAL NITROGEN CONCENTRA- 
TION OF THE OUTFLOW FLUID 


(23 Dogs) 
Nitrogen conc. No. of 
gm./liter determinations 
Eck chctintcaicn hci rue we isineaericatints 14 
Re eye ay ee ee men etree eee 17 
Bins ie eet aia hela nG as Sis Ne NATE NIG 31 
Dy OEE TR Te 29 
D5 opie bein esas s Vow eee sy WS KA Oe 28 
De stan scsnks Wawra pa niebinin cis 28 
Te icinied nia ose asics binw sare area ein ewie vas 28 
BickGananaennn asses benescneeaneee Bee 14 
Dacises cawsoreainea cna ca seer am liens 15 
NS 3 a:kile 0 bio ide Ne bee OS ole bead ee ee 4 
| ee eee er a eer eee eee ee I 
f eee Te eee ee ee i ee ee ee I 
Dee cee areas areSiao neon Meee a eee I 
Mean=s5.8 gm./liter 
o22.5 


of different dogs. As with the protein concen- 
tration the concentration remained within 
certain ranges. This feature is exemplified by 
Figure 4 wherein the results from 16 dogs are 
depicted. There was a tendency for the ni- 
trogen concentration to increase as the nitro- 
genous retention progressed, but, even so, in 
the first group of 4 dogs the concentration re- 
mained mostly between 1 and 4 grams per 
liter, in the second group of 8 dogs the con- 
centration was mainly between 3 and 7 grams 
per liter, and in the third group of 4 dogs the 
concentrations were mainly between 6 and 11 
grams per liter. 

Table VI depicts the frequency distribution 
of the daily nitrogen concentrations of the out- 
flow peritoneal fluid as observed in 23 dogs. 
The mean value was 5.8 grams per liter with a 
considerable spread on each side of this value 
(1 to 13 grams per liter). 


TABLE VII.—THE TOTAL NITROGEN IN PERI- 
TONEAL FLUID IS EXPRESSED AS GRAMS PER 
DAY PER KILOGRAM WEIGHT 


gm./kgm./day No. of dogs 
DiGi cia cewsensiscnws sho sunuimuesenenwakwwes I 


= 
-“ 
HHH HWW 


Mean=o0.9 gm./kgm./day 
Mean weight =13.1 kgm. 
Aver. amt., 11.5 gm./day 
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TABLE VIII.—THE FREQUENCY DISTRIBUTION 
OF THE NEGATIVE NITROGEN BALANCE IS 
TABULATED AS THE INCIDENCE OF THE NET 
LOSS OF NITROGEN EXPRESSED AS MINUS 
GRAMS OF NITROGEN PER KILOGRAM OF 
BODY WEIGHT PER DAY 


Net loss of nitrogen 
gm./kgm./day 


~ 
9 
HOH OWW OF O 


Mean =0.82 gm. N2/kgm./day 
o $0.39 

Aver. weight, 13.4 kgm. 

Aver. loss N2—10.2 gm./day 


Total nitrogen in the peritoneal fluid. The 
total quantity of nitrogen removed from the 
organism per day depended partly on the 
volume of fluid removed. Usually 2 to 4 
liters were recovered per day. Table VII gives 
the frequency distribution of the average 
quantity of nitrogen removed per day from 
16 dogs. The mean value was 0.9 gram per 
kilogram per day. The average total amount 
of nitrogen removed per day was I1.5 grams. 
These figures indicate that these animals lost a 
considerable amount of nitrogen in the peri- 
toneal fluid. 

Nitrogen balance and caloric intake. The 
average caloric intake for the present series of 
dogs was 40 calories per kilogram body weight 
per day, however, most animals received be- 
tween 35 and 55 calories per kilogram per day. 
Although the caloric intake derived from pro- 
tein varied between 5 and 33 per cent of the 
total, in go per cent of the animals the protein 
fraction varied between 5 and 1o per cent of 
the caloric intake. Essentially the intake of 
protein was subnormal and most of the calories 
in the diet were derived from fat (peanut oil) 
and glucose. Vomiting was frequently mini- 
mal or absent, being troublesome in an oc- 
casional animal. The dietary formula was 
given in small quantities 2 to 3 times daily. In 
about 1 of 7 days the feedings were withheld 
in order to perform certain tests. Between 
one-fourth to one-third of the caloric intake 
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was derived from glucose absorbed from the 
irrigating fluid via the peritoneal surfaces. 
Thus, these animals were adequately supplied 
with calories, and yet, despite a satisfactory 
indication of lack of starvation a markedly 
negative nitrogen balance developed. 

The nitrogen balance was determined by the 
total protein intake by mouth and the nitro- 
gen output via the peritoneal fluid and feces. 
Table VIII expressed the net loss of nitrogen 
as grams per kilogram per day as determined 
in 19 dogs during the first 2 weeks after the 
second nephrectomy. Eighty-five per cent of 
these animals displayed a negative nitrogen 
balance amounting to 0.4 to 1 gram of nitro- 
gen per kilogram per day. The over-all mean 
figure indicated a loss of 0.82 gram of nitrogen 
per kilogram per day. The average weight of 
these animals was 13.4 kilogram. When the 
measured total negative nitrogen figures were 
totaled and averaged it was determined that 
the mean daily negative balance of nitrogen 
amounted to 10.2 grams. It is evident that in 
these experiments the quantities of calories in 
the diet did not avert a major degree of nitro- 
gen loss and that the intake of protein was 
grossly disproportionate to the dissipation of 
nitrogen. ; 

Changes in body weight. ‘The animals were 
weighed each morning following the removal 
of the overnight peritoneal fluid. Changes in 
weight of such animals are greatly dependent 
on the amount of fluid which is allowed to be 
absorbed by the peritoneal surfaces. The ab- 
sorption of fluid in turn is greatly dependent 
on the osmolarity of the irrigating fluid. By 
increasing the concentration of the fluid, as 
with glucose, it is possible to maintain a rigid 
fluid balance for varying intervals. With most 
animals in the present experiments no attempt 
was made to maintain a strict fluid balance, as 
a consequence, most animals gained weight, 
especially during the first week. Some ani- 
mals either maintained a steady weight or lost 
weight during the first week. By the second 
week, however, most animals lost weight. 
These changes are illustrated in Figure 5 which 
contains data from 17 dogs in which these 
described studies were conducted. 

Since the examples in Figure 5 were demon- 
strated to have been in a prominent degree of 
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Fig. 4. The total nitrogen concentration of the daily 
peritoneal fluid in three groups of dogs is depicted. The 
individual animals are represented by the different sym- 
bols. The horizontal lines bracket the main ranges, 1 to 4, 
3 to 7, and 6 to 11 grams per liter. These observations were 
conducted up to ro days. 


negative nitrogen balance, it is apparent that 
the weight gain must have been due to a gain 
in fluid. Those animals that failed to lose 
weight or appeared in a clinical state of steady 
nutrition must have traded a considerable 
amount of body substance for fluid. Despite 
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Fig. 5. The lower figure is a scattergraph of the daily 
mean arterial pressure. The solid line represents the mean 
curve for the entire group. The mean values were elevated 
from 115 to 155 millimeters of mercury in 7 days. The up- 
per figure relates the changes in body weight expressed as 
percentile deviations from the control value which is 
depicted as the zero horizontal line. In general weight gain 
occurred during the first week and weight loss occurred 
thereafter. 
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the latter mechanism, loss of weight eventu- 
ally occurred. 

Hypertension, its development under the con- 
ditions described. The mean arterial pressure 
was taken by direct femoral artery puncture 
and a mercury manometer once or twice daily 
after withdrawal of the peritoneal fluid. The 
animals were subjected to a training period for 
this purpose prior to the second nephrectomy, 
during which time the control pressures were 
taken. 

Animals subjected to peritoneal irrigation 
and demonstrating the described losses of 
plasma protein and nitrogen nevertheless un- 
der the conditions of these experiments de- 
veloped a prominent degree of sustained hy- 
pertension (Figure 5). In Figure 5 the mean 
curve of the mean arterial pressure of 19 dogs 
can be seen to ascend gradually to maximum 
within about 7 days. The mean increment 
amounted to 40 millimeters of mercury indi- 
cating that in some instances the hypertension 
was quite pronounced. 

The hypertension occurred during the in- 
terval when the body weight and fluid balance 
figures indicated a prominent gain in weight 
due to a gain in fluid. The hypertension re- 
mained prominent despite the ultimate loss of 
weight. Thus, it appears evident that the 
considerable loss of plasma protein and out- 
pouring of nitrogen did not prevent the de- 
velopment of hypertension when the animals 
were allowed to absorb water and electrolyte 
(mainly sodium) from the irrigating fluid 
through the peritoneal surfaces. 

Summary of changes related to the nitrogen 
output in the irrigating fluid —The following 
observations concerning the total nitrogen in 
the irrigating fluid were made: (1) the total 
nitrogen concentration in the outflow fluid 
varied between 1 and 13 grams per liter (mean 
5.8 grams per liter); while the nitrogen con- 
centration usually increased as the uremia 
progressed, it nevertheless tended to remain 
within certain wide ranges; (2) in view of the 
volumes of fluid obtained from the peritoneal 
cavity considerable quantities of nitrogen were 
removed from the body, the mean figure indi- 
cated the removal of 0.9 gram per kilogram 
body weight per day; (3) the caloric intake by 
mouth and via the peritoneal surfaces, con- 
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sisting mainly of fat and carbohydrate, were 
ample to prevent excessive endogenous pro- 
tein breakdown, yet in the absence of starva- 
tion a pronounced negative nitrogen balance 
occurred as most animals lost between 0.4 and 
I gram of nitrogen per kilogram body weight 
per day; (4) although most of these animals 
were allowed to gain weight by means of the 
absorption of minor fractions of the peritoneal 
fluid each day, most animals eventually lost 
weight; it was apparent that certain animals 
maintained their weight by exchanging body 
substance for peritoneal fluid; (5) a significant 
hypertension developed despite the losses of 
plasma protein and nitrogen when the animals 
were allowed to absorb water and electrolytes 
(mainly sodium salts). 


DISCUSSION 


The protein in the outflow fluid from the 
peritoneum, which had the fractionation and 
electrophoretic characteristics of plasma pro- 
tein, attained a range of concentration after 
equilibrium that was quite distinct from that 
of inflammatory exudates or of the edema 
fluid associated with burns and trauma which 
have concentrations of the order of 3 grams 
per 100 cubic centimeters or higher (30 grams 
per liter or more). The protein concentration 
of the ascitic fluid of cirrhosis amounts to 1.2 
grams per 100 cubic centimeters + 0.12 gram 
(12 grams per liter + 1.2 grams). The con- 
centrations of exudates were never attained in 
the irrigation fluid and the ascitic fluid con- 
centrations were encountered in only 1 of 19 
dogs. The protein concentration of the irri- 
gating fluid, on the other hand, was similar to 
that of various edema fluids as determined by 
Stead and Warren. The fluids analyzed by 
these workers were obtained from the edema 
of normal subjects induced by an elevated 
venous pressure (protein 4 to 13 grams per 
liter, average 8 grams per liter) ; from the ede- 
ma of cardiac patients (0.3 to 6 grams per 
liter, average 2.4 grams per liter); from the 
edema in patients with anoxemia (1 to 2 grams 
per liter) ; from the edema of patients with fever 
(3 to 9 grams per liter) ; and from the edema of 
glomerulonephritis (1 to 11 grams per liter, 
average 4 to 8 grams per liter). These figures 
compare favorably with the range of 1 to 13 
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grams per liter (average 4 grams per liter) 
obtained in the peritoneal fluid in the present 
series. Thus, the irrigating fluid upon with- 
drawal had certain characteristics of a tran- 
sudate. In this respect, the fluid seemed to 
represent an expanded segment of the extra- 
cellular fluid. It might be entertained that 
the protein in the fluid was derived from an 
exudate which became greatly diluted. Even 
so, one would expect greater concentration 
and a more pronounced hypoproteinemia. 
Moreover, it would be unusual for such a 
mechanism to evoke a rather constant con- 
centration. 

The tendency for the protein concentrations 
to remain within relatively narrow ranges plus 
the fact that the initial or nearly the initial 
concentration was frequently maintained for 
15 days are observations that oppose the pos- 
sibility of an increased permeability to protein 
through capillaries. The only indication of an 
increase in permeability to proteins was the 
finding that the concentration of globulin, 
fibrinogen, and albumin in the fluid in some 
animals doubled during the 15 days of obser- 
vations, even though the total protein con- 
centration remained relatively low. Whether 
these minor increments resulted from a local 
irritation of the peritoneum or were due to the 
uremic state could not be determined. In view 
of the apparent changes in the mobility of the 
proteins in the Tiselius apparatus, it is con- 
ceivable that smaller more mobile mean pro- 
tein molecules resulted from the uremia which, 
in turn, traversed the peritoneal surfaces more 
readily. Additional observations are needed 
on this point. At best there seemed to be only 
a subtle indication of increased permeability 
to proteins at the peritoneum. 

The total quantity of plasma protein re- 
covered in the fluid each day (average 1 gram 
per kilogram per day) was of a magnitude re- 
moved in the plasmapheresis experiments of 
Madden and Whipple. It is, therefore, of in- 
terest that the decrement in plasma protein 
concentrations, which was due mainly to a 
lowering of the albumin fraction, described a 
course similar to that during plasmapheresis, 
namely that the main recession in protein con- 
centration occurred during the first week 
whereas thereafter the regression was much 


slower. A tendency toward a true hypopro- 
teinemia was demonstrated by the estimations 
of the total circulating plasma proteins which 
were depressed in half of the animals. 

During the 15 days of observations the total 
quantity of plasma protein removed by the 
irrigating fluid varied between 2.3 and 13 
times the initial total quantity of circulating 
plasma proteins. While this substantial quan- 
tity of protein was being removed the plasma 
protein concentration was maintained usually 
at a level near 80 per cent of the control. This 
combination of findings alone indicated a con- 
siderable deviation of protein toward the pro- 
duction of plasma protein. The latter con- 
clusion was strongly supported by the esti- 
mates of the plasma volume which indicated 
either no decrement or a relatively low decre- 
ment of total plasma protein despite the con- 
siderable loss via the irrigating fluid. By tak- 
ing into account the protein lost in the fluid 
and the state of the total plasma proteins it 
was estimated that the animals produced an 
average of 0.92 gram of plasma protein per 
kilogram body weight per day. Thus, a sub- 
stantial segment of the protein economy of the 
body in this form of uremia was directed 
toward the production of plasma protein, as 
discussed by Madden and Whipple in associa- 
tion with plasmapheresis. These observations 
suggest that the changes in plasma protein 
usually ascribed to the injury reaction did not 
pertain in these experiments. 

Under a dietary regimen which should have 
been sufficient to prevent an excessive endoge- 
nous breakdown of protein, using the response 
of the intact animal as a reference, there oc- 
curred, nevertheless, a pronounced negative 
nitrogen balance. Under conditions in which 
hypoproteinemia and body wastage were in 
progress the absorption of the balanced crys- 
talloid solution from the peritoneum readily 
occurred, unless stringent precautions were 
taken to avert this by properly increasing the 
concentration of the fluid. Thus, most ani- 
mals in the present series either gained weight 
or failed to lose weight during the first week 
despite the prominent negative nitrogen bal- 
ance. In either of these events the nitrogen 
measurement plus the relatively low protein 
intake indicated that an exchange of fluid for 
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body substance usually occurred. Under these 
conditions a significant hypertension occurred. 

The observations herein reported not only 
demonstrate certain additional disturbances 
developing in the course of the experimental 
uremia of the dog after bilateral nephrectomy 
supported by in vivo dialysis which require 
further consideration, but also have indicated 
the need to re-evaluate the role of protein 
metabolism in the hypertension occurring un- 
der certain conditions in such preparations. 
Such observations are now in progress. 


CONCLUSIONS 


1. During peritoneal irrigation of bilaterally 
nephrectomized dogs the protein concentra- 
tion of the outflow fluid remained within cer- 
tain relatively narrow ranges; the over-all 
range of concentration was 1 to 13 grams per 
liter (average 4 grams per liter). By its pro- 
tein concentration the fluid resembled the 
extracellular fluid encountered in the tran- 
sudates of certain edematous states. 

2. Fractionation and electrophoretic studies 
indicated that the source of the protein in 
fluid was plasma protein. There was only a 
minor indication of increase in the permeabili- 
ty of capillaries to protein. 

3. The quantity of protein removed via the 
irrigating fluid was substantial. This protein 
drain was associated with evidence of con- 
siderable generation of plasma protein, similar 
to that which was observed during plasma- 
pheresis. 
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4. With a normal or low protein intake a 
prominent negative nitrogen balance occurred. 
With hypoproteinemia and body wastage, ab- 
sorption of fluid through the peritoneal surface 
readily occurred. 

5. When the animals were allowed to ab- 
sorb fluid, hypertension occurred despite the 
prominent losses of plasma protein and nitro- 
gen. Further observations on the role of pro- 
tein metabolism in the pathogenesis of this 
hypertension are indicated. 
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WAR WOUNDS OF THE CHEST AMONG MARINE AND 
NAVAL CASUALTIES IN KOREA 


JAMES D. KING, M.D., M.Sc., Ph.D. (Surgery), Commander, M.C., U.S.N., 
Bainbridge, Maryland, and 
JAMES H. HARRIS, M.D., Lieutenant, M.C., U.S.N., 
San Diego, California 


UMEROUS reports have demon- 

strated the much lower mortality 

of thoracic wounds in World War 

II when compared with all previous 
wars. From the start of the Korean Incident 
early and effective application of the many 
lessons recently learned was possible. It 
might reasonably be expected, therefore, that 
thoracic wounds would be better cared for and 
the results would reflect these surgical im- 
provements. It is the purpose of this paper to 
report the surgical experiences in handling 405 
major thoracic casualties from Korea treated 
in a large Naval Hospital overseas between 
August 1950 and March 1952. 

Mortality from chest wounds varies directly 
with the nature of the fighting, administrative 
management, early recognition, extent of first 
aid, and priority of evacuation to special cen- 
ters. In order to understand well the opinions 
to be presented herein it is necessary to be 
somewhat familiar with the line of evacuation 
involving Marine Corps and Navy casualties 
in Korea. 

The Navy maintained only a small 70 bed 
dispensary in Yokosuka, Japan, prior to the 
outbreak of the Korean War. The Army, on 
the other hand, had several large general hos- 
pitals, strategically located. The availability 
of medical and surgical services for Navy and 
Marine Corps casualties, then, was curtailed 
by the difficulties concomitantly involved in 
expanding hospital facilities. The dispensary 
was enlarged and commissioned as a naval 
hospital in September 1950. 

The mission of this hospital was to serve as 
a unit for definitive treatment of Navy and 

From the Department of General and Thoracic Surgery, U. S. 
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Marine Corps personnel in Japan and Korea. 
By December 1950, the expansion was re- 
flected in a growth of from 70 beds to facilities 
for nearly 5,000 patients. All of the casualties 
came to Yokosuka by air or sea transporta- 
tion; a few came through the Army chain of 
evacuation. The seaborne evacuation from 
Korea was principally accomplished in 3 Navy 
hospital ships, in shuttle relays between Korea 
and Japan. The average elapsed time from 
Korea to Yokosuka involved about 3 days by 
ship and 4 to 5 hours by air. 

Complete control of the sea and air around 
Korea by U. N. Forces resulted in only minor 
fleet action. Some casualties resulted from 
underwater mine explosions and shelling from 
enemy shore batteries. However, more than 
95 per cent of our casualties were marines. 

The Army, geared to land action, has a long 
established hospital evacuation chain, includ- 
ing general and evacuation hospitals. The 
Marine Corps, adapted normally for beach- 
head action, is not basically provided with an 
elaborate land evacuation system. In actual 
practice, the majority of the major Marine 
Corps casualties were evacuated directly from 
forward areas by air to Japan. 

The 5 medical companies, staffed with Navy 
medical personnel, normally a part of the Ma- 
rine Corps division, form the principal axis on 
which casualty treatment and evacuation are 
accomplished. In Korea, the Navy supple- 
mented these available medical services with 
several surgical teams, consisting of from 3 to 
5 surgeons and up to 10 hospital corpsmen. 
These teams were permanently assigned to 
U. S. Naval Hospital, Yokosuka, but tempo- 
rarily attached to the First Marine Division. 
The division surgeon placed the teams with 
medical companies where they were most 
needed as particularly heavy losses occurred. 
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TABLE I.—MAJOR OPERATIONS PERFORMED 


Operations No. of 
cases 
AAR ROUOW Soe on basin Soe hee OR Rs 52 
Intercostal tube drainage................. 33 


Intrathoracic DICeGING. ...0.. ices ccc cecses 
Removal of bullets and fragments. ........ 
Drainage of empyema:................... 
Pulmonary decortication................. 
MOSES sop oc ig 06s se Wainislo amend Naess 
RENAIT Gl GiIADNIAOM...... 66s scsecces seve. 
Thoracoabdominal explorations............. 
Closure of sucking chest wounds............. 
AMP IUIDINY i 5515s yee ais < ican ato estoegm 
PO Cn CC Ce er ans eee ae 
RUANSRIND ANI oo oon. soccsk Sia elaraisrors See ates 
Repair of lacerated liver.................. 
CCIE 00 SE one rer eee 
Rae NSAN cosh vole cs isos Geiss score wh wisn a 
Repair of diaphragm 
Repair of kidney.............. 
REDAIT/OCSUOMAGI. «.... 6 o:60:5 ssiescee ce edie es 
RGPAIP OLADTERUNE... oo 565 idee sic etaes 
Intestinal obstruction—mechanical........ 
Removal of fragments ................... 
Ligation axillary vessels. ..........ccesseees 
Craniotomy (for compound skull fracture).... 
ATRPMEBTOR ALM. 0. os is.0:s cocci oe sien os sinlens 


= 
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The number of teams in the field at any given 
time varied with the existing military situa- 
tion. 

An adequate understanding of anatomy and 
physiology is necessary for the proper manage- 
ment of chest injuries. From the beginning 
we accepted the principles of early and rapid 
re-expansion of the lungs and of initial con- 
servative management in the treatment of 
thoracic injuries. The material for this study 
was obtained by a careful review of the pa- 
tients’ field records, records of previous hospi- 
talization, serial roentgenograms as presented 
by the patients at the time of admission to the 
hospital, and a careful analysis of the progress 
of the patients during their period of hospitali- 
zation. 

This study comprises only wounds which 
had either perforated or penetrated the closed 
pleural space and involved the intrathoracic 
viscera. All patients were adult males ranging 
in age from 18 to 36 years. The average age 
was 20 years. The average time interval from 
battlefield to arrival at Yokosuka was 7 days; 
the shortest time elapse was less than 24 hours. 
Of the total 405 chest wounds, 219 resulted 
from small arms; 169 from grenades, mortar 
and artillery shells; 16 from contusion; and 1 
from blast injury. 
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TREATMENT INSTITUTED PRIOR 
TO ARRIVAL AT YOKOSUKA 

Thoracentesis. Thoracentesis was accom- 
plished on 124 patients; a total of 347 thora- 
centeses were done and in each case an average 
of 2.8 aspirations. The average amount of 
blood removed from each patient was 939 cu- 
bic centimeters. 

Major operative procedure. The number of 
surgical procedures performed in the forward 
medical facilities is listed in Table I. 

The patients in this series represent those 
whose physical condition was best among all 
age groups. Undoubtedly, this excellent 
physical condition was an important factor in 
their ultimate recovery from severe trauma. 
The time interval from battlefield to hospital 
must always be influenced by the conditions 
and circumstances that govern the prevailing 
tactical situation and terrain of the country. 
The evacuation of the wounded in Korea was 
slowed by the rugged topography and lack of 
good highways and railroads, which largely ac- 
counted for the high average number of elapsed 
days before arriving at Yokosuka. 

The practice of using helicopters for air 
evacuation from the forward areas should re- 
duce the average evacuation time. In general, 
our combat casualties have resulted from small 
arms fire, hand grenades, mortar and artillery 
shells. The enemy so far has not used aerial 
bombing, flamethrowers, and other devices of 
destruction. This fact has accounted in the 
main for the type of casualty received. 

On the basis of our own experience in the 
handling of cases of hemothorax, the number 
of patients and the number of thoracenteses 
done on each patient prior to arriving at Yoko- 
suka left much to be desired. On only 124 
patients, or about 30 per cent, had chest as- 
piration been done; and 2 aspirations usually 
were done in each patient. Of the patients 
included in Table I, only 18 had received ma- 
jor chest surgery in forward areas. The low 
figure indicates that the overall practice in the 
forward area in handling chest wounds has 
been conservative. Forty-three laporatomies 
were performed and all were on patients with 
thoracoabdominal wounds. 

There were no trained thoracic surgical 
teams in the forward areas. The majority of 
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the medical, officers were reserves recalled 
while still under residency training in civilian 
hospitals. However, in spite of obvious lack of 
experience and the usual early errors in sur- 
gical judgment, the overall understanding of 
war surgery and the early application of ac- 
cepted methods of management have been ex- 
cellent. 


CONDITIONS ON ARRIVAL AT YOKOSUKA 


A thorough physical examination, chest 
x-ray, and routine laboratory examinations 
were made on all casualties arriving at Yoko- 
suka. The results of these examinations were 
critically analyzed and used in classifying the 
patients’ general conditions into three groups: 
fair, poor, and critical. A patient with a mod- 
erate hemothorax, some shortness of breath, 
no marked cardiorespiratory distress and the 
overall condition fairly well stabilized was 
lassified as fair; if he had marked hemothorax, 
shifting mediastinum, moderate to severe res- 
piratory distress, and a moderate to marked 
anemia, he was classified as poor; and if he 
had a combined thoracoabdominal injury, em- 
pyema, marked mediastinal shifting and dysp- 
nea, peritonitis, wound evisceration and evi- 
dence of severe blood and electrolytic deple- 
tion, he was classified as critical. There were 
248 fair, 132 poor, and 25 critical patients in 
this series. Infections were present in 25 in- 
stances as indicated in Table II. 

The majority of patients in this series were 
involved in two campaigns: the amphibious 
landing at Inchon followed by the advance to 
Seoul in September and October 1950, and the 
withdrawal after the intervention of the 
Chinese Communists in November and De- 
cember 1950. In both instances unstable and 
unfavorable tactical conditions resulted. Un- 
der such circumstances there was steady pres- 
sure exerted upon the forward medical facili- 
ties by the constant receipt of casualties. This, 
of course, resulted in too early evacuation, 
contrary to ideal surgical management of the 
individual. The pressure exerted upon the for- 
ward areas was such that many casualties ar- 
rived in Yokosuka without having received 
adequate initial resuscitative measures and 
needed surgery. Many others were evacuated 
irom the forward area immediately following 
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TABLE II.—INFECTION 


No. of 

Type of infection cases 
I IGIRRIRE rake rat ois analy: 2) 16 
With subphrenic abscess..... . . I 
With bronchopleural fistula............ mi I 
With gastrodiaphragmatic pleural fistula... . I 
WWIKTD Hee ADSCOtR os icc sin kez ene ciowa es 2 
With biliary diaphragmatic pleural fistula. . I 
With soananepngeer Li: oer I 
Pelvic abscess. . : I 
Lung abscess....... : I 
25 


_ Different types of traumatic chest lesions at the time of admission are 
listed in Tables III, IV, V, and VI. 


major surgical procedures too soon for their 
condition to have become stabilized, arriving 
in a very precarious condition. With large 
numbers of casualties arriving in such poor 
condition, it might be expected that mortality 
would be higher. Fortunately, our mortality 
rate did not approach our expectations. In 
large measure, the excellent results were owing 
to unselfish devotion to duty and many long 
hours of labor and effort on the part of the 
medical officers, nurses, and hospital corpsmen 
who cared for these casualties. 


TREATMENT INSTITUTED IN YOKOSUKA 


The resuscitative therapy. Since many of the 
patients arrived in poor and critical condition, 
resuscitative measures were mandatory before 
any definitive surgery could be instituted. 
The immediate correction of the cardiorespira- 
tory imbalance was the most important single 
factor in aiding them. These measures were 
carried out according to the degree of the ab- 
normal condition present. For the most part, 
fluid replacement was limited to blood, and 
every effort was made to replace the amount 
of blood lost by volume for volume at least. 
Undoubtedly, the routine use of antibiotic 
therapy at the forward medical facilities was 
an important factor in reducing the incidence 
of infection. We used penicillin routinely and 
streptomycin as indicated on all patients com- 
ing to our care until the pleural cavity was 
cleared and the lungs completely re-expanded. 
The practice of instilling penicillin and strep- 
tomycin locally into the pleural cavity, as car- 
ried out by others, was not found to be essen- 
tial by us. We practiced doing it at the begin- 
ning but soon abandoned the procedure when 





Fig. 7. 


it appeared to make very little difference in 
the ultimate recovery of the patient. 
Hemothorax. Hemothorax accounted for 


over 66 per cent of the traumatic thoracic sur- 
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Fig. 6. 
Fig. 1. Case 1. Roentgenogram of the chest showing a 
marked hemopneumothorax in the right side and a com- 
pletely collapsed lung. 

Fig. 2. Case 1. Roentgenogram of the chest after 2 
weeks showing fluid and air decreasing in amount and the 
lung re-expanding. 

Fig. 3. Case 1. Roentgenogram of the chest after 4 
weeks showing the fluid and air to be further decreasing and 
the lung re-expanding. 

Fig. 4. Case 1. Roentgenogram of the chest after 6 
weeks showing further reduction in fluid and air content 
and a continual lung re-expansion. 

Fig. 5. Case 1. Roentgenogram of the chest after 8 
weeks showing a continuous clearing of the pleural cavity 
and further lung re-expansion. 

Fig. 6. Case 1. Roentgenogram of the chest after 10 
weeks showing the pleural cavity cleared of fluid and air 
and the lung continuously re-expanding. 

Fig. 7. Case 1. Roentgenogram of the chest after 12 
weeks showing the lung completely re-expanded. 


gery series, and its management is of prime im- 
portance. From the beginning we accepted 
the principle of early re-expansion of lung and 
vigorously applied this principle to the fullest 
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extent. Persistence and patience are watch- 
words. We had no hesitation in repeating as 
many aspirations as necessary until the pleural 
space was dry; for instance, in Case 1 a total 
of 60 aspirations were done. Aspiration of the 
chest was begun at once, if necessary; then 
repeated at least once daily. The progress re- 
sulting from daily aspiration was followed by 
weekly x-ray examination of the chest. All 
patients were encouraged to practice breath- 
ing exercises every hour daily, while in the 
hospital (Table VII). 


CasE 1. Hospital No. 24284. A 20 year old ma- 
rine sustained a gunshot wound in his right chest on 
August 12, 1951. Examination at the forward med- 
ical company revealed the wound of entrance 2 
inches below the right nipple and the exit at the in- 
ferior angle of the right scapula. The wound was 
sucking; marked dyspnea and evidence of shifting 
mediastinum were noted. Penicillin and streptomy- 
cin were administered, and oxygen therapy was insti- 
tuted. The sucking wound was closed. On the next 
lay a thoracentesis was done and “‘a large amount of 
blood was withdrawn.” He was transferred to a hos- 
pital ship where 4 more thoracenteses were done. No 
record of the amount of fluid withdrawn was noted 
but he did receive several blood transfusions before 
1e arrived at Yokosuka on August 27, 1951. On ad- 
mission, at Yokosuka, his general condition was poor, 
ind he had moderate dyspnea, definite sagging of the 
right shoulder, and a moderately contracted right 
chest. X-ray examination of the chest revealed a 


TABLE III.—CHEST LESIONS 


No. of 
Type of lesions cases 
Hemothorax 
I oo Sila cite Cosi o da oie ties Base ws 37 
Minimum with aneurysm axillary artery. . . I 
| ee ee oe eee 110 
Moderate complicated with biliary fistula... 3 
Moderate clotted. ........0. cc cccccsecccsecs 10 
Marked with shifting mediastinum........ 29 
po tg | re 3 
WOME: cil vewecaseseas 193 
PHEWMMONGMOUNOIOR. «<5 5.cs.0sc cc cce cece ences 13 
With sucking chest wound................ 5 
With shifting mediastinum............... 3 
With subcutaneous emphysema........... 9 
| C..”| EER erar ear are 30 
Empyema (See Table II)................... 23 
Pulmonary H€MStOM®, ...... 6... 60ccceeccsees 10 
Perforating wounds, lung re-expanded, mini- 
WIM OF HOLMEN y 045.65 0s cs. coe kas eecess 66 


Perforating wounds, with incomplete lung re- 
GUNMNI e Senee lol a eral hale ss bo CEO 7 

EI II rishi. Sorc na, ec enon aes 4 

Tension pneumothorax...................-- 


TABLE IV.—ORGANS INJURED IN 54 
COMBINED THORACOABDOMINAL WOUNDS 
Organs injured No. 


REM 5 rae Sa ened ccaaeees « 34 
RM erosion Sed ae atirale ks ae pa Ae eS 21 


MPMI MOIINIIB eras oti 8 tle ck a dad ond sca 8S 
Shell fragments in retroperitoneal region..... . 


marked hemopneumothorax with a slight shifting of 
the mediastinum (Fig. 1). While in this hospital, 
antibiotic therapy was continued, 2 blood transfu- 
sions of 500 cubic centimeters were given, and daily 
thoracentesis was done. A total of 60 aspirations 
were done from August 28 to October 26 and the 
amount of fluid withdrawn, each time, varied from 
20 to 300 cubic centimeters. On August 31, the fluid 
withdrawn appeared slightly purulent. A culture 
was taken and later reported positive for nonhemo- 
lytic streptococcus. From August 31 to September 
10, the pleural cavity was irrigated at each aspiration 
with 50 cubic centimeters of 0.5 per cent acetic acid 
and 15 per cent glycerin in normal saline solution. 
The subsequent chest fluid withdrawn became cul- 
ture negative. While daily chest aspiration was car- 
ried out, a weekly follow-up x-ray examination of the 
chest revealed steady progress of lung re-expansion 
(Figs. 1 to 7). He ran a low grade temperature of 100 
degrees F. from August 27 to September 11. His 
contracted chest was gradually restored to normal 
and x-ray examination of the chest just prior to his 
discharge revealed more than 95 per cent lung re- 
expansion. He was discharged to duty on November 
21, 1951 in excellent condition. 


This patient certainly was a candidate for 
pulmonary decortication, but it illustrates 
how this major surgical procedure can be com- 
pletely eliminated by patience and persistence 
in aspirating the chest. It also illustrates how 
a full developing empyema can be aborted by 
the use of acetic acid, glycerin, and normal 
saline solution irrigation at each aspiration. 

At the outset of World War II there were 
three schools of thought: (1) energetic aspira- 


TABLE V.—CARDIAC AND MEDIASTINAL WOUNDS 


No. of 
Type of lesions cases 
EONIMNIOTICNICIUUN 6.6305 0s ci xn sae re eee eles 2 
Shell fragments in pericardial sac............ 2 
Shell fragments in cardiac ventricle with hemo- 
pe eS renee pepe eee I 
Shell fragments in mediastinum............. 7 
Tracheoesophageal fistula (gunshot wound)... I 
Laceration, descending thoracic aorta........ 2 
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TABLE VI.—FOREIGN BODIES 
(FRAGMENT OR BULLET) 


Locations 


Chest wall 
Mediastinum 
Cardiac ventricle 
Pericardial sac 
Retroperitoneal region 

89 
tion repeated often enough to keep the chest 
dry; (2) watchful waiting in which aspiration 
is performed only to relieve cardiorespiratory 
embarrassment; and (3) a line of treatment 
that is somewhat midway between the two, 
consisting of aspiration and of partial replace- 
ment with air. Since experience gained in 
World War II, the conservative regimen has 
for the most part been abandoned and advo- 
cates of early and repeated thoracentesis with- 
out air replacement appear to be in the major- 
ity. It is believed that the basis of treatment 
of all intrathoracic wounds lies in an attempt 
to secure total expansion of the lungs at the 
earliest possible moment. A hemothorax is a 
foreign body situated in a most vital serous 
cavity; there is no means of predicting in 
which cases the blood will ultimately be ab- 
sorbed by natural processes; and a hemo- 
thorax may cause infection any time from the 
moment it is produced until the time it is re- 
moved. The blood is purposely left in the 
pleural cavity by some surgeons who contend 
that its presence produces hemostasis by rea- 
son of the pressure which the mass of fluid ex- 
erts upon the damaged lung. This conception 
is based upon several false assumptions. First, 
it is only likely to have any effect if the bleed- 
ing happens to come from the lung, and con- 
tinued bleeding is almost certainly not of pul- 
monary origin; second, unless the wound hap- 
pens to be at the bottom of the lung, the level 
of compression blood might have to rise to the 
top of the chest before it can staunch the flow; 


TABLE VII.—THORACENTESIS 


No. of thoracenteses performed 

Average No. thoracenteses performed in each 
patient 

Largest No. thoracenteses performed in 1 patient. 

Total amount of fluid removed, c.c............. 

Average amount of fluid removed in 1 patient, c.c. 


third, bleeding either into a serous cavity or 
into the intramuscular planes is more likely to 
continue into a hematoma than if that blood 
be cleared out. Finally, aspiration might start 
fresh bleeding if it carries a too high negative 
pleural pressure. Our observations have found 
that this is not the case and that it is the ex- 
ception for bleeding to recur following aspira- 
tion. Moreover, bleeding from any intercostal 
or internal mammary artery cannot be pre- 
vented by allowing blood to remain in the 
pleural cavity. 

The only x-ray examinations of any diag- 
nostic value are those made with the patient 
in a sitting position. Extrapleural hematoma 
is not uncommon—this condition is generally 
mistaken for a hemothorax. Hemothorax may 
be indistinguishable, clinically, from atelecta- 
sis, and this is particularly true if the clot has 
been deposited at the bottom of the pleural 
cavity. There is no definite way of assessing 
how much blood is present in the pleural cav- 
ity in any given instance. It is generally relia- 
ble to assume that a great deal more fluid is 
present than one expects. The earliest signs 
of a large hemothorax are shock, pain, and 
dyspnea. Hemothorax may exist, however, 
without any of these. Most patients with 
chest wounds are frightened at first, and often 
they either “struggle for breath” or indulge in 
rapid respiration, both of which militate 
against efficient breathing. 

To be really effective, aspirations should be 
started within 24 hours after the patient has 
been wounded. If conditions in the forward 
area are such that this is impracticable, treat- 
ment should be started as soon as possible 
afterward. A delay of 5 to 6 days greatly in- 
creases the difficulties of drying the pleural 
cavity. An efficient management of a hemo- 
thorax demands early, persistent, and _ re- 
peated aspirations of the pleural cavity. Air 
replacement should not be done. We have 
found that aspirations of the pleural cavity are 
often done too low, just as pleural drainage is 
likely to be too high. When aspirations cease 
to yield a ready flow of blood it is generally 
said that clotting has occurred. This may be a 
convenient explanation but it often bears but 
little connection with the actual condition of 
the pleural cavity. 
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Fig. 8. Case 2. Roentgenogram of the chest on admis- 
sion, showing a marked hemothorax in the right side and a 
moderate shifting of the mediastinum. 

Fig. 9. Case 2. Roentgenogram of the chest 1 week after 
decortication, showing clearing of the pleural cavity and 
re-expanding of the lung. 

Fig. 10. Case 2. Roentgenogram of the chest, 2 months 
after decortication, showing the lung satisfactorily re-ex- 
panded. 

Fig. 11. Case 2. Photograph at the time of discharge of 
the patient from the hospital showing the wound of the bul- 
let entrance just above the anterior third of the thoracot- 
omy incision. 


Massive clot is a definite entity but is 
comparatively rare, whereas difficulty in as- 
pirating the blood is common. It is generally 
due to faulty selection of the correct site, e.g., 
when aspiration is made too low, or to the 
presence of isolated clots, fibrin, and locula- 
tion. Our experience revealed that it is quite 
usual to find several pints of fluid blood in the 
chest of a patient who is said to have clotted 
hemothorax. Aspiration should be high in the 
chest. The lowest level should be the ninth 
interspace in the posterior axillary line and the 
seventh interspace in the midaxillary line. 
(We have abandoned aspirating through the 
anterior side of the chest because more satis- 
factory results from aspirating through the 
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posterior chest have been obtained.) The 
rationale for this concept is that the dia- 
phragm is frequently elevated in hemothorax 
and most of the fluid portion is in the upper 
parts. 

In most of these patients, the bleeding had 
stopped soon after the injury was sustained, 
and they responded rapidly to a few simple 
aspirations, as demonstrated by serial x-ray 
examination. In some instances bleeding con- 
tinued slowly but persistently for days or 
weeks. Generally, the patients who reacted in 
this manner were those with injuries of the 
ribs and the chest wall. Thoracotomy is indi- 
cated as soon as this condition is diagnosed. 
In the few patients who may still be bleeding 
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TABLE VIII.—MAJOR OPERATIONS PERFORMED 


Operations 

Thoracotomy 
For drainage of empyema 
Decortication of clotted hemothorax 
Decortication of empyema 
For removal of foreign bodies from lung... . 
For removal of foreign bodies from pericar- 


Pulmonary hemorrhage 
Laparotomy 

For gastric hemorrhage 

For repair of wound dehiscence............ 

For intestinal obstruction : 
Laminectomy for transection of spinal cord. . . 
Ligation of aneurysm, right axillary artery.... 
Ligation of aneurysm, right radial artery 


profusely, an adequate blood transfusion 
should be given, and the bleeding point should 
be secured by thoracotomy as soon as possible. 

The importance of remedial breathing exer- 
cises in the management of chest injury cannot 
be overemphasized. Many patients came to us 
with marked body deformity and reduced pul- 
monary function because they had neglected 
this important physical therapy. It should be 
emphasized that this misfortune can be re- 
duced to a negligible figure if the remedial 
breathing exercise is instituted early, persist- 
ently, and frequently. 

The unfortunate sequelae of inadequately 
treated hemothorax are: (1) empyema; (2) re- 
duced pulmonary function ; (3) late pulmonary 
suppuration; and (4) body deformity. 

Clotted hemothorax. Clotting has been re- 
ported to be about 10 per cent. The treatment 
of clotted hemothorax passed through interest- 
ing phases during World War II, from the 
conservative measure of allowing natural ab- 
sorption to simple evacuation of clot and 
finally evacuation of clot with decortication. 
Small clotted hemothoraces may be absorbed 
or organized to such a degree that little resi- 
dual disability remains, but more commonly 
there is considerable fibrous tissue formation, 
often with calcification or ossification later 
leading to a deformed and immobile or ‘frozen 
chest.”” Simple evacuation of the clot was the 
first active operative measure undertaken in 
an attempt to overcome the disability of the 
frozen chest. Success was achieved in some 
early patients. But, in many, the lung failed 
to re-expand fully, and a residual pleural 
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pocket remained which gradually was obliter- 
ated by fibrous tissue leaving the crippling de- 
formity of the frozen chest. It became obvious 
after a little experience with simple evacuation 
that decortication or removal of the fibrous 
tissue layer on the visceral pleura was required 
to permit the underlying lung to re-expand 
completely and obliterate the pleural space 
(Case 2). 


CasE 2. Hospital No. 21546. A 21 year old ma- 
rine sustained a gunshot wound of his right chest 
June 11, 1951. He had had 3 thoracenteses in for- 
ward areas with removal of several hundred cubic 
centimeters of blood prior to evacuation. He ar- 
rived at Yokosuka on June 17, 1951. At the time of 
admission, his general condition was poor, and he 
had moderate dyspnea and some paradoxical breath- 
ing due to a frail chest wall resulting from several 
fractured ribs on the right side. The x-ray examina- 
tion of the chest revealed a marked hemothorax with 
some shifting of the mediastinum (Fig. 8). Aspira- 
tion was done 6 times, and 2,000 cubic centimeters of 
blood were withdrawn. Since follow-up chest x-ray 
films revealed no evidence of progress in re-expand- 
ing the lung and large amounts of fresh blood con- 
tinued to be withdrawn, it was suspected that there 
was a large hematoma in the pleural cavity and that 
bleeding continued into the hematoma. On June 209, 
an exploratory thoracotomy was done and a large 
hematoma with a clot was found. The lung was com- 
pletely collapsed and encapsulated by a moderately 
thick layer of fibrous tissue. Following evacuation of 
the clot and complete hemostasis, decortication was 
carried out, and the lung was freed and re-expanded. 
The postoperative course was uneventful. He was 
discharged August 8, 1951 in excellent condition 
(Figs. 9 to 11). 


There were 10 cases of so-called clotted 
hemothorax, an incidence of 2.4 per cent. All 
these cases developed prior to arrival at this 
hospital. Our efforts in carrying out the chest 
aspirations were so persistent, no opportunity 
was left for any patient to develop a clotted 
hemothorax, once he was in our care. More- 
over, in those who already had developed this 
type of complication on admission, we were 
able to clear the pleural cavity and re-expand 
the lung in 50 per cent of the patients. On the 
basis of this experience, it may be stated that 
by this simple procedure alone it is possible 
to reduce, if not to eliminate almost complete- 
ly, the number of decortications to a negligible 
number. Therefore, a special plea is made for 
early, persistent, and frequent aspiration in 
the management of hemothorax (Case 1). 














Pneumothorax. There were 2 instances of 
tension pneumothorax among the 35 patients 
with pneumothoraces and pneumohemothor- 
aces (Table IX). Basically, the management 
for this type of chest lesion is the same as that 
for hemothorax, and under this regimen of 
treatment every patient in this series re- 
sponded satisfactorily. The chest cavity be- 
came free of air and fluid, and the lung com- 
pletely re-expanded. We did not find it neces- 
sary, in any instance, to introduce an inter- 
costal catheter into the pleural cavity to with- 
draw air. 

Hematoma of the lung. This form of lesion 
may result from wounds of the lung or from 
contusion without pleural penetration. A 
total of 10 patients are considered in this 
series. No surgical interference was required 
in management. Asa rule they cleared almost 
completely in from 1 to 4 weeks. 

Cardiac and mediastinal injury. It is diffi- 
cult to estimate the incidence of this type of 
war injury because undoubtedly most of these 
wounds were immediately fatal, since the use 
of a tourniquet or pressure control was not 
possible in most of these vascular injuries. 
However, a few patients reached a base hos- 
pital after travelling a great distance for defin- 
itive treatment. The hemorrhage was at least 
temporarily controlled by certain limiting 
anatomic structure and by the hematoma and 
infiltration of the surrounding muscles and 
tissues. 

Of 14 patients with cardiac and mediastinal 
injuries, 2 with hemopericardium were treated 
with pericardicentesis and improved. In 2 
patients shell fragments in the pericardial sac 
were removed. One patient with shell frag- 
ments imbedded in the cardiac muscle, with- 
out symptoms, was evacuated. Six patients 
with shell fragments in the mediastinum were 
managed conservatively since the fragments 
were small in size and asymptomatic. Two 
patients died from rupture of the descending 
aorta involving a previous lacerated wound 
that apparently had been temporarily sealed 
off, and one with a tracheoesophageal fistula 
died of aspirated pneumonia, empyema, and 
mediastinitis. 

Foreign bodies in the chest. The removal of 
metallic foreign bodies from the lung did not 
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TABLE IX.— PNEUMOTHORAX 


Type of lesions cases 
PriguinnhemoCiats << 6525270 2 sis/s8 sone «ei 13 
With sucking chest wound............... 5 
With shifting mediastinum............... 3 
With subcutaneous emphysema........... 9 
PHGUAREE: «occ cease cacanccawdns ae 3 
ere eer et rer ey 2 
35 

TABLE X.—FOREIGN BODIES 

No. of 

Location cases 
NMR rer ae Seria sacra Rha Oaia'w aU Oe AN ERS 43 
CN aos ce Cains ced ce On eeenese et 34 
NRMMMRNNLERY oars c.o-ols aid aenca Sener ene , 7 
1 OO CS Se eee erm ree I 
OMMOMEN CRUG i ic cee ccnnes st nen waco 2 
Retroperitoneal Space... «<< 5.560 cic ncn I 
88 


present much of a problem. The simplicity of 
the procedure and the excellent results ob- 
tained in this series suggest the routine re- 
moval of the large foreign bodies from the 
lung. The minimum size for removal was de- 
cided to be 1 by 2 centimeters. In general, it 
was our policy to individualize each instance, 
and in deciding on its removal, the following 
factors were taken into consideration: (1) size 
and position of the foreign body; (2) signs and 
symptoms produced by it; and (3) the psycho- 
somatic effects upon the patient aware that he 
had a piece of metal in his lung. 

Forty-three patients, or 10.6 per cent in the 
series, were found to have a metallic foreign 
body in the lung (Table X). Thoracotomy 
was performed for removal of a foreign body in 
11 patients. All 11 patients recovered from 
the operation and returned to duty. Since this 
type of surgery is an elective procedure the 
patient generally is allowed to recover from 
his wound as completely as possible before be- 
ing subjected to surgical removal. 

Empyema. Infection with the resulting em- 
pyema was a grave problem in World War I 
and to a lesser extent in World War II. The 
incidence varied from 25 to 30 per cent. It 
accounted for a considerable part of the high 
death rate and morbidity. Empyema was ob- 
served in 39 patients (9.6 per cent) in this 
series. Undoubtedly, the early and routine 
use of antibiotic therapy played an important 
part in lowering the incidence of infection. 
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Fig. 12. 


Fig. 12. Case 3. Roentgenogram of the chest, at the time 
of admission, showing a marked hydrothorax with a mod- 
erate shifting of the mediastinum. 

Fig. 13. Case 3. Roentgenogram of the chest, 1 week 
after open thoracotomy tube drainage, showing clearing of 


However, while it is believed to be an impor- 
tant adjunct, we did not accept antibiotic 
therapy as a substitute for adequate initial 
excision of devitalized tissue. Basically, the 
treatment of empyema is the same as that of 
hemothorax, that is, rapid clearing of the 
pleural cavity and early and complete re-ex- 
pansion of the lung. 

Of 39 patients with empyema, 2 required 
pulmonary decortication; 12 were treated by 
thoracotomy with catheter drainage and irri- 
gation with a solution of 0.5 per cent acetic 
acid, 15 per cent glycerin in normal saline. 
Twenty patients responded to daily aspiration 
and irrigation and 5 deaths resulted from 
complications. We have used this acetic acid- 
glycerin-normal saline solution as a wet dress- 
ing for contaminated and dirty wounds with 
excellent results. (It is better than any other 
agent now available for local application, be- 
cause it controls infection, cleans the wound, 
stimulates tissue healing, deodorizes the 
wound discharge, requires little or no fre- 
quency in change of dressing and it is simple 
to apply.) We found its use in irrigation of 
empyema equally effective (Case 3). 

Lung injury. There were 4 lobectomies and 
all were done prior to admission, 1 on the right 
middle lobe and the others on right lower lobe. 
In analyzing the clinical records of these 4 pa- 
tients, it was noted that all were operated on 


Fig. 13. 


Fig. 14. 


the left pleural cavity and re-expanding of the lung. 

Fig. 14. Case 3. Roentgenogram of the chest, 2 weeks 
after open drainage of the empyema, showing the pleural 
cavity cleared of fluid and the lung satisfactorily re-ex- 
panded. 


for hemothoraces, and the resections were car- 
ried out for lacerated wounds of the lung. 
There was no record as to the extent of the 
laceration of the lung. In all of these patients 
intercostal drainage tubes were used and all 
developed empyema postoperatively. On the 
basis of the available information, these 
radical procedures could have been avoided. 
The lung has remarkable ability to heal, and 
for this reason the lacerated lung, which may 
appear hopelessly damaged, in a few weeks 
usually will be restored almost to normal with- 
out resection. 

Thoracoabdominal wounds. Intra-abdom- 
inal hollow viscus perforation or injury of a 
solid organ such as the liver or spleen in associ- 
ation with intrathoracic injury makes immedi- 
ate surgical intervention mandatory. The 
associated abdominal wound is especially 
dangerous because of the likelihood of bacter- 
ial contamination both of the peritoneum and 
pleura. Shock usually is more marked in 
thoracoabdominal injuries than in thoracic in- 
juries alone (Case 3). The mortality, there- 
fore, has been very high—33.8 per cent re- 
ported in World War II. All patients coming 
to us from the forward areas in critical condi- 
tion had suffered this form of injury. 

Tables I and IV reveal that only 1 thor- 
acotomy and 3 combined thoracoabdominal 
explorations were performed in 54 patients 
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having thoracoabdominal wounds, and of the 
total 46 laparotomies that were done 43 were 
performed in the forward medical facilities. 
There are two factors which appear to have in- 
fluenced the choice of surgical management in 
the forward areas. First, because of the tac- 
tical situation, heavy pressure was exerted to 
evacuate the casualties too soon; under such 
circumstances there was little or no oppor- 
tunity for a careful study and observation of 
intrathoracic injury. In many instances they 
were overlooked. The second factor was that 
among the medical personnel in the forward 
medical facility there were no trained thoracic 
surgical teams. 


CASE 3. Hospital No. 20419. A 23 year old ma- 
rine was struck by a mortar shell on May 28, 1951 
and sustained a fragment wound on the left side. At 
a forward medical company a laparotomy was per- 
formed and a laceration of the stomach was repaired. 
He was evacuated immediately following the opera- 
tion and on June 2 arrived at Yokosuka in a very 
poor condition. He was in acute respiratory distress 
with cyanosis and rapid pulse. X-ray examination of 
the chest revealed marked hydrothorax with mod- 
erate shifting of the mediastinum (Fig. 12). Immedi- 
ate thoracentesis was carried out to relieve the res- 
piratory distress and to restore the cardiorespiratory 
imbalance. A total of 8 aspirations were done and 
2,700 cubic centimeters of purulent, sanguineous 
fluid were withdrawn. On the sixth day after his ad- 
mission, when his condition was well stabilized, a rib 
resection was done for drainage of empyema. The 
left pleural cavity was found to contain digested 
gastric content in addition to pus. Daily irrigation 
with acetic acid-glycerin-normal saline solution was 
instituted and the pleural cavity was connected with 
a suction. The discharge from the pleural cavity 
gradually became clear serous in character, accom- 
panied by slow but steady lung re-expansion (Figs. 
13 to 14). The intercostal tube was removed on the 
thirteenth day. His condition improved rapidly, and 
on July 14 he was evacuated to the United States for 
subsequent convalescence. The last report received 
from the patient 5 months following his return from 
the overseas hospital revealed that his convalescence 
had been uneventful. The lung re-expanded and he 
later returned to duty. 


RESULTS OF TREATMENT 


Lung re-expansion. Since the objective in 
treatment of thoracic injuries is to obtain 
early lung re-expansion, a frequent x-ray fol- 
low-up study was made in every patient under 
treatment. No treatment was considered com- 
pleted without full re-expansion of the lung. 
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TABLE XI.—LUNG RE-EXPANSION 


No. of 

Re-expansion percentage cases 
WE hong aa a een Sa ae dG nee eee anaes 340 
WOON SG 6 Sciiincienc vee Cede sedene Gone ae 44 
ENG So dread ake ow se ae ae Kdeeeewe wade 8 
Ma OMe aiiiae Coad Joie ccadewewenenaenaae 5 


As indicated in Table XI, 340 patients (8 5.6 
per cent) regained full lung re-expansion ; in 52 
patients (13 per cent) lung re-expansion varied 
from 50 to 95 per cent. It was our impression 
that full re-expansion would eventually occur 
in this latter group, and that no other surgical 
measures would be required. Only 5 patients 
(1.2 per cent) who required decortication 
failed to regain less than 30 per cent re-ex- 
pansion. 

Complications. Of the 16 patients who de- 
veloped empyema while in this hospital, 11 
were previously treated with closed thora- 
cotomy catheter drainage for hemothorax. 
Our own experience indicated not only that a 
higher incidence of infection resulted from the 
use of the thoracotomy tube, but that should 
thoracentesis be necessary after removal of the 
tube, it was more difficult because of fluid loc- 
ulation resulting from adhesions produced by 
the tube. Moreover, use of closed drainage for 
hemothorax quickly lost its effectiveness 
within 48 hours owing to occlusion of the tube 
by fibrin and clots and by pleural adhesions 
about the intrathoracic portion of the tube. 
Finally, use of the thoracotomy tube with un- 
derwater drainage required more attention 
and expert care, especially in transit. It 
should be emphasized that there is no good 
reason for using a procedure in treatment which 
tends to increase morbidity and at the same 
time contributes to no better results than sim- 


TABLE XII.—COMPLICATIONS 


No. of 
Type of complication cases 
WO coon aa nos hse eo davagacnceae's 16 
Intrathoracic bleeding 


DINOS ia Ci ccna acs se decode ceeniennes 3 
From descending aorta................... 2 
From intercostal artery. ................. I 
WR CCN sc avis ce ccecénnecwdencaes 2 
SOM NICIIG AIMEE on os nce venesssadsqecass 2 
Aneurysm, innominate and subclavian arteries. I 
NUON oso oes 5 2h ce eeacniecuccenuens I 
BUIROMEEY CINDOHOE |. oi nce ccccccccens I 
Hiitestitiall GHATIACIIO gw << 5 css ceccccvenes I 
30 
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ple needle aspiration, a procedure which is 
safer and more effective, as we have already 
demonstrated. 


STREPTOKINASE AND STREPTODORNASE 


The use of streptokinase and streptodornase 
in the treatment of hemothorax has been a 
favorite subject in recent medical literature. 
We used it only in 2 instances. It was for two 
obvious reasons that we did not use it as ex- 
tensively as might be expected. In the first 
place, it was not available to us at the outset of 
the Korean War, and, secondly, we had found 
our method of treatment so effective that 
further treatment was not required. It was 
available to us toward the end of our overseas 
duty, and we used it in 2 instances of hemo- 
thorax which developed into empyema and re- 
sulted in a nonexpanded lung. The result from 
its use in these cases was excellent. However, 
it must be stated that we have not used this 
agent often enough to enable us to make a 
critical evaluation of it. 


MORTALITY 


There are many obvious difficulties in deter- 
mining the number of deaths from chest 
wounds. An estimate that chest wounds are 
involved in from one-third to one-half of the 
total killed probably is not far from accurate. 
Our observation on the admission of casualties 
to this hospital revealed that thoracic casual- 
ties outnumbered the abdominal casualties at 
least 2 to 1. Sauerbruch in 1914 counted 300 
dead soldiers on a battlefield and found that 
122 (37 per cent) had gunshot wounds of the 
chest. Because many casualties came to us 
either without receiving adequate resuscita- 
tive measures after injury or too soon follow- 
ing major surgical procedures, we had to as- 
sume the additional function of a forward hos- 
pital. Therefore, it might be expected that 
our mortality rate would be higher than the 
mortality rate of a similar institution which 
was located in the rear and functioning only 
as a base hospital. 

In reviewing the literature on the number of 
deaths among the wounded brought in for 
treatment, we found an extraordinary differ- 
ence in statistics :! 


1These figures refer to penetrating and perforating wounds. 








Per cent 


English in the Crimea War........ 79.2 
American Civil War. . a . 62.6 
Franco-Prussian War (German) .. 56.7 
Spanish-American War - S. wn 24.5 
Boer War (British). . ree 14.0 
World War I (British)... 27.0 
Sino-Japanese War 1937 (Chinese), .14.8 
i Eee ere 8.1 


Tokyo Army Hospital 1950 to 1952. 0.6 


The total mortality in this series, regardless 
of the associated injuries or diseases, was 1.9 
per cent. In a total of 8 deaths, only 5 (or 
about 1 per cent) could be attributed to the 
chest wound alone. The remaining deaths 
were accounted for by accompanying severe 
abdominal wounds in 2 and by pulmonary em- 
bolism from thrombosis of pelvic veins in 1. 


FINAL DISPOSITION OF THE PATIENTS 


Our action on the disposition of patients 
was induced, generally, by the overall evacu- 
ation policy prescribed for the casualties. This 
policy implies that any patient who, in our 
judgment, requires more than go days of hos- 
pitalization before being returned to duty is to 
be evacuated to the Continental United States. 

There were 318 patients (80.1 per cent) who 
recovered and were fit for duty within go days. 
Among these, 79 had accompanying injuries 
and had to be transferred to other services for 
treatment and disposition. Only 81 (20 per 
cent) were evacuated to the United States be- 
cause of chest injury. 


SUMMARY 


A brief review has been presented of the 
basic problems involved in the evacuation and 
management of thoracic casualties of Navy 
and Marine Corps from Korea. The tactical 
situation, the mountainous terrain, and ad- 
verse climatic conditions were important fac- 
tors that determined the practice in the care 
and the evacuation of casualties. 

Evacuation from the forward areas, most 
frequently, was carried out under pressure, 
and in most instances the evacuation was ac- 
complished too early following major surgery 
and too soon following major trauma without 
the benefit of adequate resuscitative measures. 
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The basic principles learned in World War 
II were applied in the management of chest 
injuries: (1) conservative initial management; 
(2) early and complete re-expansion of the 
lung; and (3) remedial breathing exercises. 

The age of the patients in this study ranged 
from 18 to 36 years, the average age being 20 
years. The average time interval from battle- 
field to arrival at Yokosuka was 7 days; the 
shortest time interval was less than 24 hours; 
however, over 50 per cent of the patients ar- 
rived within 3 days. 

Among 405 chest wounds, 219 were from 
small arms; 169 from shell fragments; 16 from 
contusion: and 1 from blast effect. Thoracen- 
tesis was accomplished in 124 patients in for- 
ward medical facilities; an average of 2.8 per 
cent aspirations were made and 939 cubic 
centimeters of blood were withdrawn in each 
instance. A total of 53 thoracotomies, 3 
thoracoabdominal explorations, and 43 lapa- 
rotomies were performed in forward areas. 
Among 53 thoracotomies, there were 4 decor- 
tications, 4 lobectomies, and 33 thoracotomy 
tube drainages. 

Condition on arrival was: fair in 248 cases, 
poor in 132 cases, and critical in 25 cases. In- 
fection was present in 39 cases, or 9.6 per cent. 
Hemothorax was present in 66.6 per cent. In 
each patient with a hemothorax an average of 
7 thoracenteses were performed in the hos- 
pital, The major surgical procedures per- 
formed were listed. 

The problems concerning the management 
of hemothorax have been discussed. Efficient 
management demands early, persistent, and 
repeated aspirations accompanied by remedial 
breathing exercises. Air replacement was not 
done. The use of thoracotomy tube drainage 
for treatment of hemothorax resulted in a high 
incidence of complications. 

In 10 patients (2.4 per cent) clotted hemo- 
thorax was noted, and in half of these the con- 
dition was cleared by intensive aspiration. 
Decortication was done on the remaining pa- 
tients. All cases of clotted hemothorax and 
unexpanded lung resulted from inadequate 
treatment or mismanagement. 

The management of empyema with the use 
of an acetic acid-glycerin-normal saline solu- 
tion as a local irrigating agent was discussed, 
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and the effectiveness of this solution in clear- 
ing up the empyema was emphasized. 

The management of pneumothorax, hema- 
toma of lung, cardiomediastinal injury, foreign 
bodies in the chest, thoracoabdominal wounds, 
and lung laceration was discussed. 

The results of treatment by lung re-expan- 
sion indicated full re-expansion in 85.6 per 
cent; in 13 per cent 50 to g5 per cent re-expan- 
sion; and in only 1.2 per cent, less than 30 per 
cent re-expansion that required decortication. 

Infection and hemorrhage accounted for the 
majority of complications, and the use of 
closed thoracotomy tube drainage for the 
treatment of hemothorax was found to be an 
important contributory factor in the high mor- 
bidity rate. 

The total mortality in this study, regardless 
of the associated injuries or diseases, was 1.9 
per cent. Only in 5 instances, or about 1 per 
cent, could death be attributed to chest 
wounds. 

A total of 317 patients, or 80.1 per cent, had 
completely recovered and were fit for duty 
within go days. Eighty, or 20 per cent, were 
evacuated to the United States because of 
chest wounds. 


CONCLUSIONS 


1. Observation on casualties from the for- 
ward areas, especially, those evacuated too 
soon because of prevailing tactical situations 
indicates that, in general, conservative meas- 
ures should be carried out initially. 

2. The indications for an emergency thora- 
cotomy are: continuing, rapidly accumula- 
ting, intrathoracic hemorrhage despite re- 
peated thoracentesis; thoracoabdominal in- 
juries; evidence of damage to the mediastinal 
viscera (esophagus, trachea, or large bron- 
chus) causing pressure pneumothorax and cer- 
tain cardiac injuries. 

3. An efficient management of hemothorax 
demands early, persistent, and repeated as- 
piration accompanied by remedial breathing 
exercises. Air replacement following aspira- 
tion and the use of closed thoracotomy tube 
drainage should be avoided. 

4. In general, clotted hemothorax and non- 
expanded lungs result from inadequate treat- 
ment and mismanagement and could be pre- 
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vented. Pulmonary decortication, therefore, 
rarely should be a necessary procedure in the 
management of hemothorax. : 

5. The acetic acid-glycerin-normal saline 
solution is a valuable agent in the management 
of localized infection. It is effective as an ir- 
rigating agent in clearing up empyema. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


6. It is hoped that the experiences which 
we have enumerated in this article, resulting 
from another tragic conflict which has al- 
ready inflicted much suffering and loss of 
life, will be a helpful guide for both military 
and civilian surgeons in the treatment of fu- 
ture chest injuries. 








THE COLLATERAL VENOUS DRAINAGE FROM 
THE KIDNEY FOLLOWING OCCLUSION OF 
THE RENAL VEIN IN THE DOG 


W. HENRY HOLLINSHEAD, Ph.D., and JOHN A. McFARLANE, MLD., 
Rochester, Minnesota 


YPERNEPHROMAS of the kidney 
rather frequently produce obstruc- 
tion of the renal vein, as observed 
by McDonald and Priestley, and 

at operation or necropsy it is usual to find 
greatly dilated veins in the perirenal fat. The 
anatomy of the channels developed as a result 
of obstruction by this malignant tumor, which 
invades the veins massively and tends to 
spread through them rather than through 
the lymphatics, has apparently not been de- 
scribed, and little is therefore known about 
their connections. The matter may be, however, 
of some clinical importance, for the rate of re- 
currence of such tumors after nephrectomy is 
relatively high, and a number of these recur- 
rences are local ones; this suggests that exten- 
sion of the primary growth into the enlarged 
perirenal veins and perhaps into the veins 
into which they empty may be a source of 
recurrence. 

While it is recognized that the veins in the 
perirenal fat should be included in the resec- 
tion when nephrectomy is done for hyper- 
nephroma, the lack of knowledge as to their 
connections raises the question as to whether 
it may be possible, by excising specifically 
some of the vessels into which they empty, to 
obtain a more nearly complete removal of the 
veins which are most likely to harbor tumor 
cells. 

The present work was undertaken in order 
to determine experimentally what collateral 
venous channels are enlarged as a consequence 
of obstruction of the renal vein itself, and into 
what vessels they empty. The results indi- 
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cate that in the dog, as is apparently true 
also in man, the normally delicate veins in 
the perirenal fat become grossly dilated, in 
consequence of their connections with the 
subcapsular (stellate) veins of the kidney, to 
provide a large part of the collateral circula- 
tion from the kidney. In the present experi- 
ments the ureteric veins likewise shared in 
this enlargement. The connections of these 
veins, although multiple and diverse, are in 
general with larger veins in the vicinity of the 
kidney, including the renal vein itself, the 
adrenal vein, the gonadal vein, and neighbor- 
ing lumbar veins. 


MATERIAL AND METHODS 


The experiments were carried out upon 
dogs; 6 were females and 2 were males. 
Gradual occlusion of the renal vein, simulating 
its occlusion through the growth of a tumor 
and thus allowing time for the development of 
collateral venous channels, was produced 
through the use of cellophane tear-tape; this 
was placed around the renal vein reasonably 
snugly, but not tightly enough to produce 
any visible constriction of the vein, and was 
tied in position over a hemostat. Cellophane 
tape, acting as an irritant, produces a fibrosis 
of the connective tissue, and it was such a 
fibrosis that gradually reduced the lumen of 
the vessel and eventually, as found at necrop- 
sy, obstructed it completely. 

In order to vary the conditions of obstruc- 
tion as much as possible, the right renal vein 
was occluded in 4 animals, the left in the other 
4. For the same reason, in half the cases in 
each group the occluding tape was placed 
about the renal vein as close to the posterior 
(inferior) vena cava as possible, while in the 
others the tape was placed as close to the 
hilum of the kidney as possible. 
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The dogs were operated upon under proper 
surgical anesthesia and aseptic conditions. 
The renal veins were approached through a 
left or a right rectus incision. Fat surrounding 
the renal vein was cleared away only from the 
region about which it was desired to place the 
tape; after this had been tied in position 
around the vein and observed to see that it 
was not at that time constricting the vein, the 
abdominal wall was closed in layers. Neither 
immediate nor delayed ill-effects of the opera- 
tion were apparent; there were no infections, 
the animals remained in good health, and at 
postmortem examination the kidneys and 
ureters appeared grossly normal. 

The animals were killed by deep anesthesia 
and bleeding, 2 to 214 months after operation. 
They were then arterially embalmed with a 
solution of alcohol, glycerin, and carbolic acid; 
following this, the posterior (inferior) vena 
cava was injected through its thoracic end 
with colored liquid latex. After the injection 
mass had hardened, fat was carefully dissected 
away from both kidneys of each animal, and 
the major veins in the neighborhood of the 
kidney were traced out. Results were re- 


corded not only in the protocols but also 
through sketches and photographs. 


OBSERVATIONS 


Anatomy. No systematic study of the 
normal anatomy of the renal veins and the 
minute veins in the perirenal fat in the dog 
has been undertaken in our study, but obser- 
vations made at necropsy indicate a close 
correspondence between these veins in the 
dog (Fig. 1) and those in man. There are also 
certain differences in respect to the larger 
veins which should be noted, although they 
would not for the most part alter the appli- 
cability of these observations to a similar 
condition in man. 

In the dog, as in man, each renal vein is 
typically single, being formed by converging 
tributaries within or close to the hilum of the 
kidney, and the two veins empty at approxi- 
mately the same level into the vena cava. 
Because of the caudal slant of both renal 
veins from the hila of the kidneys to the 
vena cava, the difference in length between 
the left and right renal veins, so pronounced 
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in man, is not so obvious in the dog; the left 
renal vein is only a little longer than the 
right one. The right renal vein receives, as in 
man, neither the gonadal (internal spermatic 
or ovarian) nor the adrenal vein; the left 
renal vein of the dog receives the left gonadal 
vein, but not the left adrenal vein. In the dog 
the left adrenal vein empties separately into 
the vena cava a little above the entrance of 
the left renal vein. 

Except for the gonadal vein on the left side, 
neither renal vein in the dog has any obvious 
communications with other veins. Although 
in man connections of the left renal vein with 
the azygos system, the ascending lumbar and 
one or more lumbar veins, and the vertebral 
venous plexus are common, as pointed out 
by Anson and co-workers, no such connec- 
tions have been observed in the limited series 
of animals used in our experiments. Either 
they are not commonly present in the dog, 
or they were so minute that they were not 
visible; in any event, no collateral channels 
corresponding to these connections in man 
were found in the dog, either on the normal 
side or on that side on which the renal vein 
had been occluded. As in man, the renal veins 
receive one or two small ureteric veins run- 
ning along the upper portion of the ureter, 
which usually enter the renal vein within the 
shelter of the hilum of the kidney. As the 
renal veins pass to the vena cava they also 
receive small venous twigs from the surround- 
ing fat. 

The other large veins in the region of the 
kidney are not unlike those of man. Note has 
already been made that both adrenal veins 
in the dog empty separately into the vena 
cava, and it might also be pointed out that 
these veins in the dog, as they enter the vena 
cava, actually represent adrenolumbar veins 
rather than adrenal veins alone (just as the 
left adrenal vein in man is usually joined by 
the left inferior phrenic), for a lumbar vein 
passes over the lateral and ventral surfaces 
of the adrenal gland to receive the blood from 
this gland. Also, because of the presence of 
the ovaries, fallopian tubes, and even most 
of the uterus in the abdomen rather than the 
pelvis proper, the ovarian vessels in the female 
dog are relatively much shorter than they 





HOLLINSHEAD et at.: COLLATERAL VENOUS DRAINAGE FROM KIDNEY ars 








Fig. 1. a, The disposition of the larger venous channels in the region of the kidney of the 
dog, diagrammed as they appear in the female. The ureteric and other normally very small 
veins are not shown. 1 designates the posterior (inferior) vena cava, 2 the renal veins, 
3 the adrenolumbar veins, 4 the ovarian veins, and 5 a pair of lumbar veins below the 
renal level. b,c, d,and e, Diagrams of the venous drainage of the kidney following occlusion 
of the renal vein. The level of the occlusion is indicated by the solid area of the vein; the 
arrows indicate the probable direction of blood flow in the veins. In b, the ovarian vein, 
4, is greatly enlarged proximally, and apparently was carrying a great deal of blood from 
the kidney; it has a prominent connection, ga, to a lumbar vein, 5, but below the level at 
which this connection leaves, it is still somewhat enlarged. The ureteric veins, 6, are also 
much increased in size, and have developed a large communication to the lumbar vein, 
but below this are still greatly enlarged. Both the ureteric vein and the ovarian vein and its 
connections receive capsular veins from the surface of the kidney. There are also enlarged 
anastomotic channels, behind the kidney, between the ureteric, renal, and adrenal veins, 
and a direct channel from the renal to the adrenal vein. In c, the chief drainage of the kid- 
ney is by way of the ureteric veins, 6, and the adrenolumbar vein, 3. The internal spermat- 
ic, 4, also participates in its proximal. part, but is not enlarged distally; it has a connection 
to the ureteric vein, and a small one to the lumbar, 5, below the kidney, but primarily drains 
upward by ga into the adrenolumbar vein. The renal vein hasa small connection, 2a, to a lower 
lumbar vein. The capsular veins drain mostly into the arch, ga, along the convex border 
of the kidney, and hence into the adrenolumbar vein. In d, the patent portion of the renal, 
2, and the ovarian, 4, receive capsular veins, and return blood from them directly to the 
vena cava; the ovarian is much enlarged proximally only. The ureteric veins, 6, greatly 
enlarged throughout their lengths, assist materially in the venous drainage. There were 
no prominent connections to either the adrenolumbar or a lower lumbar vein. In e, capsular 
veins drain into the adrenolumbar, 3, a lower lumbar, 5, and the internal spermatic, g. The 
internal spermatic receives a very large capsular vein, ga, which itself receives a communi- 
cation from the renal vein; it also receives a communication from the ureteric vein, 6. The 
ureteric vein is very greatly enlarged. 
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are in the human female; as in the latter, how- 
ever, they anastomose with the uterine vessels 
below. The adrenolumbar vein, sometimes 
other lumbar veins, and the ovarian or in- 
ternal spermatic vein receive, like the renal 
vein, small and apparently variable twigs from 
the retroperitoneal fat. 

In addition to the renal vein, the kidney of 
the dog, like that of man, has very tiny sub- 
capsular or stellate veins, which, at least in 
well injected specimens, can be seen spreading 
between the true capsule of the kidney and the 
renal cortex. As in man, these are normally 
tributaries of the renal vein. Connecting with 
some of these subcapsular veins are exceeding- 
ly tiny veins which pierce the capsule of the 
kidney either to enter the fat around the 
kidney or to drain from this fat into the 
renal vessels. In the normal dog these vessels 
are so small that they could rarely be traced 
through the fat, but observations upon them 
when they were enlarged through renal venous 
obstruction indicate that they correspond 
closely in their anatomy to the veins of the 
fat about the kidney of man; they have been 
called “capsular” veins, apparently in refer- 
ence to the fact that they drain the adipose 
capsule of the kidney. Through the capsular 
veins the subcapsular or stellate veins have 
diverse extrarenal connections, for the cap- 
sular veins communicate with the renal 
vein or some of its tributaries near the hilum 
of the kidney; with the adrenal vein, above; 
with the gonadal vein below; with lumbar 
veins; and with the ureteric veins. These con- 
nections correspond to those described by 
Tuffier and Lejars as existing in man. 

The collateral venous drainage. The two 
sets of channels which invariably showed 
marked enlargement following occlusion of 
the renal vein, and this regardless of the point 
at which the vein was occluded, were the 
ureteric veins and the subcapsular-capsular 
vessels. It was the capsular veins and their 
connections, including those with the ureteric 
veins, that formed multiple tortuous channels 
in the perirenal fat, apparently entirely com- 
parable to those seen in man when the renal 
vein is occluded by a hypernephroma. 

As the ureter itself was not included in the 
fibrosing ligature, the connections of the 
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ureteric veins with the renal vein at the hilum 
of the kidney were not occluded, and they, 
therefore, always formed a prominent part of 
the collateral circulation from the kidney in 
the experimental animals. The ureteric vein 
was usually doubled at its renal end, and 
sometimes this doubling extended throughout 
the length of the vein, though more commonly 
the two channels united at a variable distance 
below the lower pole of the kidney. It was 
only the renal ends of the ureteric veins that 
were always enormously enlarged; in the 
neighborhoed of the kidney the ureteric vein 
or veins often received additional tributaries 
from the subcapsular veins (Fig. 1, b and d) 
and with few exceptions had anastomotic 
channels, not recognizable in the normal 
animal, with other veins in the vicinity. 
Thus there were variable, and variably large, 
communications from the ureteric vein to a 
lumbar vein (Fig. rb), the ovarian or internal 
spermatic (Fig. 1c, d, and e), and ‘the renal 
vein beyond the hilum of the kidney, either 
proximal or distal to the point of occlusion. 

Since the renal end of the ureteric vein or 
veins was always enlarged, to the point where 
it equalled or exceeded the size of the ureter 
itself, it was obvious that this vein was con- 
ducting blood from the occluded renal vein. 
It probably also received renal blood by 
means of some of the enlarged capsular veins 
with which it connected, while blood was 
undoubtedly diverted from it by other capsu- 
lar veins, notably those that connected the 
ureteric vein to a lumbar vein. Caudal to its 
last capsular connection the ureteric vein was 
sometimes diminished in size as compared 
with its cranial end (Fig. 1b), but in other 
cases (Fig. 1, c and e) there was no noticeable 
diminution. In all cases, apparently, some 
renal blood travelled downward along the 
ureter to reach the vesicular veins in the 
pelvis. In short, the ureteric vein regularly 
contributed to the collateral circulation from 
the kidney, and apparently bore some of the 
blood to the hypogastric vein; however, there 
were extrahilar connections of the ureteric 
vein with other veins about the kidney, and 
these connections contributed to the mass of 
enlarged veins (Fig. 2) present in the peri- 
renal fat. 
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While the ureteric veins contributed a 
great deal to the collateral venous drainage 
irom the kidney, it was the capsular veins and 
their connections which formed the major 
portion of the dilated vessels about the kidney. 
In every case the subcapsular or stellate veins 
were greatly enlarged on the side of obstruc- 
tion of the renal vein, and in every case 
some of them pierced the capsule of the kidney 
to join the capsular veins in the perirenal fat; 
whether some of these represented actual new 
levelopments or all were simply enlarge- 
nents of already existing channels is not 
snown, but the number of visible connections 
»etween the subcapsular veins and the vessels 
n the renal fat was much greater on the side 
m which the renal vein had been obstructed 
han on the normal side, in each instance. 
No one of these veins piercing the renal cap- 
ule attained the size of the enlarged ureteric 
‘eins, but since they outnumbered these they 
vere collectively carrying a significant portion 
{ the blood from the kidney. They were not 
._pparently constricted as they pierced the 
enal capsule. 

The capsular veins not only drained the 
ubcapsular veins, but they also communi- 
ated with each other and formed anastomotic 
hannels between the larger veins in the 
ieighborhood of the kidney. Their connec- 
ions were unpredictable for any 1 animal, but 
ollectively these vessels showed the pattern 
hat would be anticipated, in that they 
mptied into all of the several vessels which 
iormally drain the fat about the kidney 

rig. 1b, c, d, and e). The variations between 
pecimens depended upon which of the 
channels were particularly enlarged, and 
upon the varying enlargement of connections 
between these channels. Thus the capsular 
veins emptied, below the kidney, into the 
upper portion of the ovarian or internal 
spermatic vein, into the ureteric vein, and 
into a lumbar vein; above the kidney, they 
emptied into the adrenal (adrenolumbar) 
vein; medially, they emptied into the patent 
segment of the renal vein. In some cases 
veins emerging from the renal capsule drained 
into a capsular vein which formed a large 
anastomotic channel (ya in Fig. 1c) con- 
necting to the gonadal vein below and the 
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Fig. 2. The renal region, following dissection, of a dog 
in which the right renal vein (on the left in the figure) was 
occluded close to the vena cava. This is the animal repre- 
sented diagrammatically in Figure 1e. Enlarged capsular 
veins are visible both about the hilum and the convex 
border of the kidney. Further details of the venous drain- 
age show more clearly in Figure 1e than here; note, how- 
ever, the tortuous, dilated veins medial and inferior to the 
kidney, which are conducting renal blood, by way of the 
enlarged proximal end of the internal spermatic vein, into 
the vena cava. The light-colored ureter and the equally 
large but dark ureteric vein of the side operated upon show 
at the lower center of the picture. 


adrenolumbar vein above, this channel paral- 
leling the convex border of the kidney and 
corresponding to the venous perirenal arch 
described by Tuffier and Lejars as constantly 
present in man. Similarly, capsular veins re- 
ceiving subcapsular ones formed channels 
which connected the renal vein to the 
adrenolumbar, or in some cases the proximal, 
occluded, segment of the renal vein with the 
distal or unoccluded segment; or they con- 
nected the ovarian, ureteric, and lumbar 
veins to each other in varying combinations. 

Judging by the degree of enlargement of the 
veins, the general tendency was for the renal 
blood to return to the vena cava by the most 
direct routes. Thus the enlarged ureteric 
veins usually had large channels of communi- 
cation to the ovarian veins when the flow in 
the latter was not obstructed, and to the first 
lumbar vein below the level of the kidney; as 
already noted, below their connections with 
the lumbar vein some ureteric veins were re- 
duced in size, but others apparently carried 
most of their blood downward to the hypo- 
gastric. Similarly, the upper end of the gona- 
dal vein was always enlarged, although in 
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only 2 cases was the ligature so placed that 
this vein conducted blood from the renal vein 
rather than to its unoccluded portion. In 
some cases the anastomosis of the ovarian 
vein with the uterine was enlarged (Fig. tb), 
and apparently some blood was thus shunted 
to the hypogastric vein before reaching the 
vena cava; in others, however, this anastomo- 
sis was approximately normal in size and it 
was only the proximal end of the vein which 
was enlarged (Fig. 1d), thus giving evidence 
that the major portion of the extra blood re- 
ceived by this vein was returned directly to 
the vena cava (or, on the left side, to the un- 
occluded portion of the renal vein, and hence 
to the vena cava). The internal spermatic 
(testicular) vein was enlarged only at its 
cranial end (Fig. 1, c and e). 

In consequence of the development and 
anastomoses of these channels in the perirenal 
fat, therefore, all of the larger veins in the 
neighborhood of the kidney participated in 
the return of its venous flow to the vena cava. 
This was true regardless of whether or not 
they normally have direct connections with 
the renal vein, a matter of some importance 
in man since in this species it is as a rule only 
the left renal vein that has any direct con- 
nections with veins other than the vena cava. 


COMMENT 


Because occlusion of the renal vein in the 
present experiments was carried out extra- 
renally, the results found here cannot exactly 
duplicate occlusion of the vein by a tumor, 
which may of course occur within the kidney 
itself. The procedure has nevertheless brought 
about the enlargement of channels which 
would be available for the venous drainage 
of the kidney regardless of whether the renal 
vein was occluded within or outside this 
organ. 

That the veins found enlarged in these ex- 
periments are actually the channels which are 
available following occlusion of the renal vein 
in man is witnessed not only by the close 
similarity between the normal anatomy of 
the venous system about the kidney in dog and 
man, but also by the observations of Keen ina 
rare case of human survival of complete oc- 
clusion of the inferior vena cava from below 
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the level of entrance of the-renal veins to 
the level of entrance of the hepatic veins. 
Keen found the kidneys to be drained by 
greatly enlarged ureteric and capsular veins, 
the latter forming tortuous channels in the 
fat about the kidney and emptying into the 
adjacent larger veins. In Keen’s case the 
return of renal blood to the heart was neces- 
sarily through connections of these larger 
veins to the plexus about the vertebral col- 
umn, and hence to the azygos system and the 
superior vena cava, because of the occlusion 
of the inferior vena cava; in the present 
experiments the drainage was, in general, by 
the most direct route into the posterior (in- 
ferior) vena cava, and, therefore, through the 
larger veins in the neighborhood of the kidney 
—although, variably, the ovarian and ureteric 
veins were apparently conducting blood down- 
ward to the hypogastric veins. It was notable 
that in the present experiments, presumably 
because there was no obstruction of the vena 
cava itself, there was no enlargement of the 
deeper channels which were involved in Keen’s 
case. 

It seems to follow, therefore, that in occlu- 
sion of the renal vein in: man by a tumor the 
same general venous channels that have been 
shown to be involved in the dog are the ones 
which show enlargement. Since any of the 
veins concerned with collateral drainage from 
the kidney could receive tumor cells through 
growth along their connections with the renal 
vein, it would seem logical to remove as many 
of these veins as possible in order that local re- 
currences of hypernephromas following ne- 
phrectomy might be minimized. From the 
anatomic standpoint, it is obvious that thor- 
ough removal of the perirenal fat with its en- 
larged venous plexuses should be done, as is 
customary. It would also seem proper like- 
wise to remove abdominal portions of the 
ureter and the ureteric veins, and of the ovari- 
an or internal spermatic veins, whether of the 
left or right side, and even the adrenal vein, 
and therefore the adrenal gland, of the affected 
side. The left gonadal and left adrenal veins 
in man, because of their entrance into the 
renal vein, offer an obvious pathway for in- 
vasion by an intravenous tumor reaching 
their mouths; the present experiments have 
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indicated, however, that the gonadal and 
adrenal veins may receive direct venous chan- 
nels from the kidney, regardless of the level of 
occlusion of the renal vein, and regardless of 
whether they normally empty into the renal 
vein or the vena cava. 

It is obvious from these experiments that 
any of the veins in the immediate vicinity of 
the kidney, whether or not they normally have 
direct connections with the renal vein, may 
present such connections upon occlusion of 
that vein, and therefore be liable to invasion 
by hypernephroma. Unless the incidence of 
such invasion is established as being very rare, 
removal of these veins as completely as possi- 
ble would seem to offer the best opportunity 
to prevent recurrence of a hypernephroma 
which has not metastasized. 


SUMMARY 


Renal hypernephroma has a tendency to 
invade tributaries of the renal vein, and to 
spread by growth in continuity along veins. 
Growth of the tumor frequently results in oc- 
clusion of the renal vein, and in such cases 
dilated local venous channels subserving col- 
lateral venous drainage appear in the perirenal 


fat. The neoplasm is prone to recur locally 
following surgical removal of the kidney, and 
the assumption is herein made that these re- 
currences spring from tumor foci in collateral 
venous channels which were not excised at 
operation. 

The present studies on the dog revealed that 
when chronic occlusion of the renal vein is 
produced, the collateral drainage that devel- 
ops conducts blood from the kidney through 
enlarged subcapsular veins and their connec- 
tions with veins (capsular veins) in the peri- 
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renal fat, and by enlarged intrahilar connec- 
tions of the ureteral veins. From the subcap- 
sular veins blood enters the veins in the peri- 
renal fat, which in turn communicate with the 
several veins of that region, namely, the 
adrenal, ovarian or internal spermatic, lum- 
bar, and ureteric veins. Blood leaving the kid- 
ney by way of the ureteral veins, principally 
through intrahilar connections, may flow down- 
ward to enter the vesicular veins, but also 
passes more directly into the vena cava by 
means of capsular veins which form anasto- 
motic channels between the ureteric and the 
lumbar veins or others in the region of the 
kidney. 

The collateral venous channels through 
which blood flows from the kidney of the dog 
following occlusion of the renal vein are ob- 
viously those which in man may harbor hy- 
pernephroma cells, and thus possess the ability 
to give rise to a recurrence of the tumor fol- 
lowing removal of the kidney itself. It would 
seem advisable, therefore, to remove these 
collateral venous channels as completely as 
possible in surgical removal of the kidney for 
hypernephroma. 
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THE USE OF STREPTOKINASE-STREPTODORNASE IN 
THE TREATMENT OF THORACIC EMPYEMA 


JAMES J. FINNERTY, M.D., New York, New York 


HE aims of treatment in thoracic 
empyemas are sterilization of the in- 
fected areas and early obliteration of 
the pleural dead spaces. ’ 

In the preantibiotic era the former was ac- 
complished by humoral factors manufactured 
in the patient’s own body as a reaction to the 
infection. Aspiration and drainage were the 
methods of obliterating the pleural dead 
spaces. These procedures incidentally re- 
duced the number of bacteria and their toxic 
products that the body’s immune forces had 
to neutralize or overcome. 

The plan of treatment was to aspirate as 
long as the pus was thin until resolution oc- 
curred; or if thickening of the exudate ren- 
dered efficient aspiration impossible, closed 
drainage was instituted; and if this failed open 
drainage was performed after localization of 
the process occurred. 

With the introduction of the sulfonamides 
and antibiotics, particularly penicillin, a new 
phase in the treatment of empyemas evolved. 

The early treatment of pneumonias with 
antibiotics greatly reduced the incidence of 
postpneumonic empyemas, but it soon be- 
came apparent in the cases in which empye- 
mas did develop that systemic therapy with 
antibiotics did not greatly influence the course 
of the process and that the older methods of 
aspiration and drainage were still required. 
Then Tillett, McCormack, and Cambier (11) 
and Butler and associates demonstrated that 
the local injection of penicillin into the em- 
pyema cavities rendered it possible to sterilize 
these spaces. But it likewise became apparent 
that obliteration of the pleural dead spaces 
was required to prevent reinfection or reacti- 
vation of suppressed infection, and again the 
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necessity of aspiration and drainage became 
apparent. This method of treatment, namely 
local antibiotics plus frequent aspiration or 
closed or open drainage, was a satisfactory 
therapeutic method in that mortality was 
very low; but it was time consuming and fre- 
quently resulted in considerable pleural thick- 
ening or, more accurately, the deposition of 
thick fibrous membranes upon the pleural 
surfaces, with consequent diminution of pul- 
monary function. 

In 1933, Tillett and Garner (10) observed 
that broth cultures of hemolytic streptococci 
are capable of rapidly lysing the fibrin clot of 
human blood. Milstone identified a specifi- 
cally acting lysing factor present in human 
sera that was necessary for enzymatic strepto- 
coccal fibrinolysis. Christensen (4) contrib- 
uted substantially to methods of partial purifi- 
cation and concentration of the fibrinolytic 
principle and, with MacLeod (4), developed 
the theory of the mechanism of action of this 
substance, streptokinase, which is as follows: 
There exists in normal blood a zymogen, which, 
through the kinetic action of streptokinase, is 
transformed into the complete enzyme, plas- 
min, which lyses the clot. 

The streptococcal concentrates were found 
to be of low toxicity, and in clinical investiga- 
tion proved to be capable of lysing clots in 
vivo, as in clotted hemothoraces, posttrauma 
or postpneumonectomy. ; 

Sherry, Tillett, and Christensen (g), in 
1948, observed that a large portion of the 
solid sediment of purulent exudates was com- 
posed not only of fibrin but also of desoxyri- 
bonucleoprotein, and that, furthermore, the 
streptococcal concentrate containing the fi- 
brinolytic principle was capable of causing the 
rapid liquefaction of this substance in addition 
to the fibrin. This new factor, called strepto- 
dornase (streptococcal desoxyribonuclease), 
was identified as an enzyme, acting directly 
upon the desoxyribonucleoprotein abundantly 
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present in purulent exudates and not requir- 
ing the presence of any factors from the blood 
for its activity. More recent work suggests 
that the streptodornase may actually consist 
of a series of proteolytic enzymes that attack 
the various degradation products occurring in 
the lysis of desoxyribonucleoprotein. 

Thus we have a potent system of enzymes 
of low toxicity which are capable, in man, of 
lysing the principle solid components of puru- 
lent exudates, namely fibrin and desoxyribo- 
nucleoprotein. 

The next step in the evolution of the treat- 
ment of empyema consisted in the injection of 
streptokinase-streptodornase! into empyema 
spaces in order to facilitate the evacuation of 
pleural exudates by aspiration, in conjunction 
with systemic and local antibiotics as indi- 
cated. 

Tillett, Sherry, and Read (12) have re- 
ported a group of 21 cases of postpneumonic 
empyemas in which SK-SD was injected 
locally. In 18 of these cases the liquefaction 
of the exudates was followed by improvement 
that ranged from rapid and dramatic termina- 
tion of the disease to marked immediate im- 
provement followed by subsequent _pro- 
gressive defervescence. In 2 cases failure was 
due presumably to the fact that organization 
of the pleural membranes was well established 
before therapy was begun. (These 2 cases 
were first seen on the eighteenth and forty-first 
day of disease.) Ribet has similarly treated a 
group of empyemas with excellent results. He 
has also had some promising results in the 
early treatment of tuberculous effusions and 
empyemas. 

In the experiences of Adie and Childress the 
streptococcal enzymes were valuable in thin- 
ning infected pleural exudates and permitting 
lung re-expansion and obliteration of the 
empyema spaces. 

In addition to making the purulent exudate 
less viscous, the SK-SD seems to accomplish 
several other important objectives. The first 
is the breaking up of loculations, converting 
the empyema space into a single one and thus 
rendering it more available to the action of 
locally instilled antibiotics, as well as obviat- 
ing the necessity of needle aspirations in 

‘Subsequently referred to as SK-SD. 
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multiple sites. Secondly, by lysis of the exu- 
date, organisms presumably trapped in the 
fibrin mesh are liberated so as to be more 
available to the action of antibiotics. This is 
illustrated by the frequent finding that pleural 
cultures become negative in some cases on 
treatment with antibiotics but fever and exu- 
dation persist. Immediately after enzymatic 
therapy, cultures again become positive brief- 
ly, then permanently negative, and pleural 
exudation and fever subside. The third result 
of SK therapy is that the fibrin peel on the 
pleural surfaces is lysed, thus releasing the 
“trapped” unexpanded lung and enabling it 
to expand and obliterate the dead space. This 
débridement of the pleural surfaces probably 
also allows parenterally administered anti- 
biotic, as well as the patient’s own leucocytes 
and antibodies, to enter the infected area and 
exert their effect upon the infection. 

An excellent example of this lysis of the 
pleural peel can be found in many of our cases 
in which there only could be obtained thin 
serous fluid at thoracentesis. After the injec- 
tion of SK, the fluid became quite cloudy and 
contained lysed fibrin and nucleoproteins, un- 
doubtedly released from the walls of the 
pocket. Rapid re-expansion then followed. 

Reference was made earlier to the toxicity 
of these preparations. The only toxic effect 
noted in some patients from intrapleural in- 
jection is an elevation of temperature. This is 
usually an elevation of about 3 degrees but has 
been seen up to 5 and 6 degrees. It occurs 
within 12 to 24 hours after injection and sub- 
sides in 24 to 48 hours. This fever can usually 
be aborted or minimized by the oral adminis- 
tration of aminopyrine 0.6 gram every 6 
hours, commencing some few hours before the 
injection and continuing for 24 hours there- 
after. The basis for the pyrogenicity has not 
yet been determined. Its severity is not regu- 
larly related to the dosages of enzymes em- 
ployed. 

Concerning the actual details of treatment: 
the SK-SD is supplied in moisture-proof 
sterile ampules, each ampule containing ap- 
proximately 100,000 units of SK and about 
14 that amount of SD. About 100,000 to 
200,000 units of SK are diluted in 30 to 4o 
cubic centimeters of sterile saline and in- 
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jected into the empyema space. 
pyema is loculated, multiple smaller injec- 
tions are’ made into several sites where fluid 


If the em- 


is obtained. From 8 to 18 hours later thora- 
centesis is performed. Usually, fairly large 
amounts of thinned exudate are easily re- 


moved, sometimes 2 to 4 liters. The chest is 
tapped as dry as possible and roentgenograms 
are then obtained. If loculations persist or if 
considerable opacity persists, the treatment is 
repeated at 48 hour intervals, or as often as 
deemed necessary by roentgenograms and the 
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Fig. 3. 


‘linical course, until no more purulent exu- 
late is obtained. The appropriate antibiotics 
is determined by cultures and sensitivity 
‘ests, if required, are injected along with the 
SK-SD. 

Many patients require only one or two 
reatments, but some require many injections 
ecause of duration of the condition or under- 
ving lung disease of such a nature as to keep 
he empyema active, for example, pulmonary 
suppuration, or because the amount of en- 
‘ymes in a single dose do not diffuse over all 
the area of exudation. 

This procedure has been used in several 
empyemas complicated by the presence of 
bronchopleural fistulas, presumably due to 
perforation of small subpleural abscesses, and 
in many complete resolution has occurred. 

The most important practical point in ther- 
apy is that, after injection of the enzymes, as- 
piration, i.e., complete aspiration, must be 
done because the enzyme action is self-termi- 
nating and, if the lysed material is not re- 
moved, redeposition of fibrin can and will 
occur, and nothing will have been accom- 
plished. The other obviously important point 
is that the material must be injected into the 
diseased area in which fluid is present; i.e., 
enzyme and substrate must come into con- 


Fig. 4. 


tact. Most of the failures that we have seen 
have been due to either inadequate removal 
of the liquefied material or failure to inject 
the enzymes into the proper area in adequate 
dosages. 

Because of this and because of the fact that 
patients frequently object to multiple thora- 
centesis, it occurred to us that the use of anti- 
biotics and enzymes in combination with 
surgical closed intercostal drainage with ac- 
tive suction might represent a further advance 
in the evolution of the therapy of empyemas. 
The obvious advantage of this method over 
that just described is that better drainage of a 
constant nature should shorten the course of 
therapy, be more comfortable for the patient, 
and less time consuming for the physician. 

Accordingly, 15 cases were treated by this 
method. They include such complicated situa- 
tions as putrid empyemas, lung abscess with 
large bronchopleural fistulas, and Friedland- 
er’s abscess with fistula and empyema. The 
method succeeded in all cases in obliterating 
the empyema spaces, as well as rendering more 
suitable for surgery those cases in which ex- 
cisional surgery was indicated by the under- 
lying disease. 

The plan used in these cases was as follows: 
if the empyema space was large, closed thora- 
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Fig. 5. 


cotomy was done first under local infiltration 
anesthesia by using the trocar and cannula 
method into a dependent part of the empyema 
cavity. The contents were then evacuated, 
and enzymes instilled through the catheter, 
which was then clamped for 8 to 16 hours, 
then connected to an underwater drainage 
bottle to which —20 centimeters of water 
active suction was applied. If the pocket was 
small or loculated, an initial dose of SK-SD 
was injected, and the thoracotomy was done 8 
to 16 hours later and immediately connected 
to underwater drainage and suction. The SK 
injections were made on alternate days 
through the tube, and the tube was clamped 
off for 8 to 16 hours after instillation. The 
tubes were removed when complete re-expan- 
sion occurred as evidenced by x-ray and clini- 
cal signs and when drainage decreased to a 
minimum or ceased. 

Of the 15 cases treated by closed drainage 
and enzymes, there were 7 proved or sus- 
pected to be secondary to pneumonias and not 
associated with bronchopleural fistulas. The 
average duration of pulmonary symptoms was 
20 days and varied from 7 to 42 days. Pleural 
cultures were positive in 4 cases. 

In 6 cases, the tube was in place for an 
average of 314 days, varying from 2 to 6 days, 
and in the seventh case it was in place for 5 
weeks. This patient had the empyema for 42 


Fig. 6. 


days before treatment, and the long time re- 
quired to obliterate the dead space illustrates 
the disadvantage of instituting treatment late, 
as organization of the pyogenic membrane 
had probably already begun before treatment 
was started. 

The average number of instillations of en- 
zymes was 2 in the early treated cases, and the 
average amount of drainage fluid removed by 
the thoracotomy tube was 2,100 cubic centi- 
meters. The result was excellent in all of 
these cases. 


REPORTS 


CasE 1. O.T., a 49 year old white male, was ad- 
mitted on February 19, 1951, with fever, cough, and 
malaise of 1 week’s duration. The patient had had 
pneumonia 5 times in the last 7 years. His tempera- 
ture was 101.8 degrees, pulse 116, and respirations 
26. Examination of the chest revealed dullness, 
diminished breath sound, and crackling rales at the 
right base posteriorly. The patient was treated for 
pneumonia with terramycin for 1 week but his 
temperature rose to 103 degrees and roentgenogram 
showed a collection of fluid at the right posterior 
base. Aspiration on February 26, 1951, yielded 200 
cubic centimeters of thick green pus. The cultures 
were negative. On March 2, 1951 (Fig. 1, a and b), 
300,000 units of SK and 180,000 units of SD were 
injected intrapleurally. A closed thoracotomy was 
done on March 3, 1951, and 1 liter of thin green pus 
was removed. Roentgenogram taken immediately 
afterward (Fig. 2, a and b) showed remarkable clear- 
ing. The same day 300,000 units of SK and 180,000 
units of SD were injected through the tube. There 
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Fig. 8. 


vas drainage of 700 cubic centimeters (Fig. 3) from CaAsE 2. H.H., a 57 year old male, was a hemi- 
the tube on March 4, 1951. On March 5, 1951 the _ plegic from whom no history was elicited. He was 
tube was removed and the patient was afebrile. admitted on April 19, 195: with a temperature of 
Figure 4 is a follow-up roentgenogram made on _ 1or.2 degrees, pulse 116, and respirations 32. Chest 
October 5, 1951. examination revealed dullness over the entire right 
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Fig. 13. 


Three hundred thousand units of SK and 100,0co 
units of SD were injected and the tube clamped for 
12 hours (Fig. 6). Another 300 cubic centimeters were 
drained on May 11, 1951 (Fig. 7,aandb). On May 12, 
1951 300,000 units of SK and 100,000 units of SD 
were instilled. On May 13, 1951 there were 140 cubic 
centimeters of thin drainage. The tube was re- 
moved on May 16, 1951 with the temperature nor- 
mal. Figure 8, a and b, was made May 17, 1951, one 
day after removal of the tube. 


The remaining 8 cases were all associated 
with bronchopleural fistulas. In 6 of these 
cases, the fistulas closed and the empyema 
spaces were obliterated by closed drainage and 
enzyme therapy alone. The thoracotomy tube 
in these cases was in place for an average of 9 
days and varied from 4 to 18 days. The 
average number of enzyme instillations was 5. 

Three of these empyemas were described as 
foul or putrid. Although the standard treat- 
ment of this type of empyema is rib resection 
and open drainage plus systemic antibiotic 
therapy, we treated them very successfully by 
the closed method. Although antibiotic ther- 
apy greatly reduces the possibility of the de- 
velopment of a necrotizing anaerobic infec- 
tion of the soft tissues of the chest wall origi- 
nating at the site of closed thoracotomy, evi- 
dence of the beginning of such an infection 
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Fig. 15. 


must constantly be watched for, and if even 
suspected, open drainage must be promptly 
instituted. This was not necessary in any of 
our cases. 

In none of the cases of fistulas did the instil- 
lation of enzymes result in expectoration of 
increased amounts of purulent material or 
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Fig. 16. 





Fig. 17. 


spread of infection to previously normal lung 
parenchyma, the intercostal tube apparently 
providing drainage adequate to prevent these 
sequelae. 

In the 2 cases in which the fistulas per- 
sisted, there were chronic lung abscesses, re- 


quiring rib resection and drainage in 1 and 
lobectomy in the other. Although the pre- 
liminary treatment by closed drainage and 
enzymes failed to close the fistulas, and indeed 
we did not expect it to because of the nature 
of the underlying lung disease, in both pa- 








FINNERTY: STREPTOKINASE-STREPTODORNASE IN THORACIC EMPYEMA 





Fig. 18. 


tients the sizes of the empyema spaces were 
greatly reduced by their therapy, and subse- 
quent surgery was rendered easier and safer as 
a result. 

Two of the successfully treated patients 
with fistulas were subsequently explored, 1 
for a carcinoma of the esophagus, and 1 be- 
cause of what appeared to some to be a per- 
sistent pocket. In both cases the pleural sur- 
faces were then clean and glistening, a few 
filmy adhesions being the only evidence of 
previous infection. 


CASE 3. D.R., an 11 month old female, was ad- 
mitted on March 14, 1942 (Fig. 9) with right upper 
lobar pneumonia. Sputum cultures revealed Staph- 
vlococcus aureus sensitive to aureomycin. She was 
treated for 1 week with aureomycin, the fever per- 
sisted, and hydropyothorax developed (Fig. 10). 
Thoracentesis yielded thick creamy pus, cultures of 
which revealed Staphylococcus aureus. A prelimi- 
nary dose of 35,000 units of SK was instilled and 
8 hours later it was evident that the space had en- 
larged. Thoracentesis yielded 15 cubic centimeters 
of pus which was thinner than that previously 
drained (Fig. 11). On the following day (Fig. 12) 
closed thoracotomy was done and —-5 to —20 centi- 
meters of water suction was applied. Over the next 
24 hours, no evidence of re-expansion occurred and 
there was very little drainage on that day. Seventy- 
five thousand units of SK were instilled and the tube, 
clamped for 8 hours, was then connected to a simple 
underwater seal drainage. The following morning 
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there was almost complete re-expansion, plus about 
too cubic centimeters of thin drainage. Twenty- 
four hours later expansion was complete (Fig. 13), 
and the tube was removed 3 days later. Figure 14 
was taken 2 days after removal of the tube. Figure 
15 shows the situation 1 week after treatment. The 
temperature which was constantly elevated to 102 
to 103 degrees suddenly returned to normal on the 
day following the second SK injection and has re- 
mained flat since. 


The failure of the lung to re-expand with 
suction and its rapid re-expansion following 
an adequate dose of SK dramatically illus- 
trate the lysis of the fibrin peel imprisoning 
this collapsed lung. 


CASE 4. J.L., a 59 year old white male, was ad- 
mitted on March 1, 1951, with a 6 weeks’ history of 
cough which produced % cup of greenish, malodorous 
sputum. He had some fever, weight loss, and night 
sweats. His temperature was 101.8 degrees, pulse 
84, respirations 22, and blood pressure 146/90. 
Chest examination revealed flatness and absent 
breath and voice sounds over the right base. This 
patient was treated with 300,000 units of penicillin 
every 6 hours. Thoracentesis on March 15, 1951, 
yielded 180 cubic centimeters of green foul pus; 
injected Evans’ blue dye promptly appeared in the 
sputum (Fig. 16, a and b). 

A closed thoracotomy was done on March 16, 
1951. On March 18, 1951 and March 20, 1951, 
300,000 units of SK were injected and a total of 
1,400 cubic centimeters of drainage obtained. On 
March 22, 1951, (Fig. 17, a and b) the fistula was no 





Fig. 22. 


longer patent but space persisted. The patient was 
again treated with SK on March 23 and March 25, 
1951. The tube was removed on March 27, 1951. 
Figure 18 taken April 3, 1951, shows good re-ex- 
pansion, and a follow-up roentgenogram taken on 
June 4, 1951 (Fig. 19) shows further clearing. 

CasE 5. P.McG., a 49 year old white male, first 
admitted on May 11, 1951, to the psychiatric service 
with toxic psychosis secondary to Friedlander pneu- 
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monia, developed an abscess of the middle lobe with 
empyema and bronchopleural fistula. Figure 20 is 
an admission film. He was treated with penicillin, 
streptomycin, chloromycetin, and intravenous sodi- 
um sulfadiazine. Figure 21, taken May 22, 1951, in- 
dicates that empyema and fistula were present and 
300,000 units of SK were injected. 

A closed thoracotomy was done on May 23, 1951. 
Figure 22 was made 2 days postthoracotomy. The 
patient was treated until May 29, 1951, when the 
tube was removed. Figure 23, a and b, was taken on 
June 19, 1951. Figure 24 was taken on August 4, 
Ig51, immediately before the middle lobe was 
drained. It was found to be completely necrotic, 
but no residual empyema space was noted. Figure 
25 taken February 1, 1952 shows the wound to be 
healed. 

With the obliteration of the empyema space 
in this case, there occurred marked general 
improvement, with subsidence of fever and 
clearing of sensorium. After this, the problem 
was one of Friedlander’s abscess uncompli- 
cated by empyema. 

We have also found SK-SD to be very use- 
ful in the preparation of unroofed empyemas 
for plastic closures. An example would be a 
case of mixed empyema unroofed by a Schede 
operation. Such wounds frequently resist all 
attempts to clean them up by the local use of 
antibiotics and antiseptic irrigants, such as 
Dakin’s solution. Daily contact for several 
hours with the streptococcal enzymes has 
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Fig. 23. 





Fig. 24. 


cleaned several such cavities remarkably well 
in short periods of time (7 to 14 days) and has 
produced clean, granulating wounds which 
were successfully closed secondarily by pec- 
toralis and latissimus myoplasty. 


CasE 6. H. M., a 47 year old white male, had 
previously undergone open drainage and multiple 
stage thoracoplasty and, finally, Schede thoraco- 
plasty for a secondarily infected tuberculous empye- 


Fig. 25. 


ma. Dirty gray exudate covered all surfaces of the 
pocket. After 12 days of local therapy with SK-SD, 
the wound was clean and granulating. Immediately 
thereafter the cavity was obliterated by pectoral 
myoplasty with delayed skin closure. An excellent 
result was obtained. 


Recently our attention has been turned to 
a problem, the solution to which may prove 
to be one of the most important uses of SK- 
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SD, namely, prevention of late complications 
following pulmonary surgery. 

It is our belief that the principal serious 
complications following excisional surgery of 
the lung, empyema, and bronchopleural fistula 
are the result of failure of early postoperative 
complete re-expansion of the remaining lobes 
or segments on the side operated upon. This 
failure of re-expansion is principally due to 
intrapleural clotting of blood and exudate, 
most of which appears to collect in the 72 
hours immediately following operation. If 
this material is lysed by the enzymes, it can 
be rapidly evacuated by the intercostal cathe- 
ters left in place after such operations. Suc- 
tion on the catheters will then expand the lung 
and obliterate the space. This treatment 
should be instituted early, while the sutures 
closing the bronchial stump are intact. After 
10 days to 3 weeks, these sutures may cut 
through, and the bronchial closure must then 
depend upon the fibrin coagulum until true 
fibrous union occurs between the cut edges of 
the stump. Enzymatic therapy during this 
intermediate period may well lyse the fibrin 
maintaining the bronchial closure and result 
in a large bronchopleural fistula. We have 
seen several cases in which this has occurred. 
Although we have not had the opportunity to 
treat such cases early, we know of one group 
of 7 cases (6) in which the results are out- 
standing. 

SUMMARY 

The streptococcal enzymes SK-SD have 

proved to be a valuable adjunct to the modern 
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therapy of thoracic empyemas, and their in- 
telligent use in conjunction with other well 
established therapeutic measures represents a 
distinct advance in the therapy of empyema. 
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THE CYTOLOGIC CRITERIA OF GASTRIC CANCER 


FREDERICK G. PANICO, M.D., Browning, Montana 


HE cytologic smear technique con- 

tinues to offer potentialities for the 

diagnostic identification of malignant 

cells found in body cavities. The ap- 
plication of this method to the stomach was 
at first discouraging because of the uncertain 
preservation of cells contained within the gas- 
tric aspirate. Tomenius, in a carefully con- 
trolled study of gastric material, succeeded in 
recognizing certain cells derived from the 
stomach but failed to describe malignant cells 
in any of the cancer cases presented in his 
monograph. Various early reports concerning 
gastric cytology were conflicting in their esti- 
mation of its general diagnostic value. Thus, 
poorly preserved gastric cells continued to 
retard gastric cytology. In 1949, the abrasive 
gastric balloon procedure (3) was employed 
as a new approach to extend cytodiagnosis to 
the stomach. The balloon technique succeed- 
ed in producing an increased number of well 
preserved gastric cells and according to Coop- 
er and Papanicolaou has proved to be quite 
reliable in discovering gastric cancer. 

The principle of the abrasive balloon tech- 
nique is based upon the quality of abnormal 
gastric surface epithelial cells to cling to a 
rough surface. Malignant gastric cells are 
especially prone to exfoliate when the stom- 
ach mucosa is subjected to mechanical irrita- 
tion. This observation becomes particularly 
significant when it is realized that normal gas- 
tric surface epithelial cells resist this type of 
exfoliation. Whether a deranged intercellular 
bridging of the individual cells undergoing 
atypical growth accounts for the unusual 
degree of friability is not certain. This cyto- 
logic alteration allows for the delivery of the 
gastric cells before their dissemination and 
disintegration within the stomach. 


Material is utilized from the Cytologic Division of the Depart- 
ment of Anatomy, Cornell University Medical College, the De- 
partments of Surgery of New York Hospital and Memorial 
Hospital for Cancer and Allied Diseases, New York, and the 
Departments of Surgery of the University of Maryland School 
of Medicine and Baltimore City Hospitals, Baltimore. 
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As the knowledge of the gastric cells ad- 
vances through the use of the balloon tech- 
nique, the practical implications for malignant 
diagnosis become more apparent. The amount 
of cellular material obtained from the stom- 
ach with the abrasive balloon appears directly 
proportional to the degree of gastric pathol- 
ogy. The large number of gastric cells retain- 
ing their cytologic detail renders adequate 
diagnostic material. Usually the group of 
malignant gastric cells (Fig. 1) will afford no 
problem for identification. The more pro- 
found challenge involves the recognition of 
the single malignant gastric cell (Fig. 2) 
which on the basis of certain criteria is judged 
pathognomonic. The accurate evaluation of 
the individual gastric cell is the key to the 
successful establishment of a negative or posi- 
tive cytologic diagnosis and the essence of 
gastric cancer detection. In this relatively 
unexplored field it is hoped that the interpre- 
tation of the different cellular characteristics 
encountered may perhaps lay a foundation for 
an improved understanding of the gastric mu- 
cosai cell that eventually sheds and finds a 
passage of excretion through the gastric py- 
lorus. The purpose of this presentation is to 
acquaint the cytologist with the individual 
cytologic criteria of gastric malignancy. 

The gastric smear picture can reflect the 
condition of the gastric mucosa in the case 
of the different pathologic entities. A working 
knowledge of all cells encountered in the gas- 
tric smear becomes necessary for a proper un- 
derstanding of the significant points in diag- 
nosis. In this way the gastric cells help to 
form the cytologic patterns of the benign and 
malignant stomach. Some confirmation of 
this is already being supported by Henning 
and Witte. While certain evolving atypical 
characteristics have been noted in chronic dis- 
ease processes, material is yet limited enough 
to defer any conclusive evaluation at this time. 
The first signal of gastric cancer becomes ap- 
parent in the gastric epithelial cell that under- 





SURGERY, GYNECOLOGY AND OBSTETRICS 





Fig. 1. Group of malignant gastric cells. 


goes malignant deterioration. Therefore, the 
benign and malignant gastric cell will be pre- 
sented for discussion. 

A series of gastric cells are selected at ran- 
dom from over 150 stomachs to illustrate 
some various benign and malignant features. 
The identification of the gastric epithelial cell 
has been attained through a comparative 
study of all environmental cellular elements. 
Interpretation of the gastric cells is accom- 
plished on the basis of associated pathologic 
findings. In order to establish some degree of 
uniformity, all cells were prepared and stained 
by the Papanicolaou method and all photo- 
micrographs are reproduced at X 1160 mag- 
nification. 


CELLS OF THE GASTRIC MUCOSA 


The surface of the gastric mucosa consists 
of a simple layer of epithelial cells growing 
forth to line the entire gastric lumen. The 
smooth surface continuity of this pattern is 
interrupted by the many gastric pits that lead 
into the lumina of the gastric glands. The 
average nonmalignant epithelial cell from this 
surface layer appears in a gastric smear as a 
tiny cuboidal or columnar shaped basophilic 
cell with a small amount of polymorphous 
cytoplasm contained within an irregularly 
delineated cytoplasmic membrane (Fig. 3). 
The well outlined round or oval nucleus is 
made up ‘of a fine and delicate staining 
chromatin network with a small insignificant 
nucleolus. The surface epithelial cells seen in 
a cluster formation reveal a regularity of the 


individual cell units with nuclei that are rela- 
tively uniform in size, shape, staining, and 
spacing. The secreted mucous barrier that 
adheres to the mucosal surface gathers many 
exfoliated gastric cells which shed sponta- 
neously. Cellular remnants in the form of 
naked nuclei devoid of their cytoplasm are not 
infrequent because of the rapid cytoplas- 
molysis attributable to the gastric environ- 
ment. These nuclear remnants may display 
karyorrhexis or pyknosis as a result of ad- 
vancing degeneration. 

The gastric glands forming the substance of 
the gastric mucosa are lined by a variety of 
gastric epithelial cell types including the mu- 
cous neck (goblet, mucous, or mucous secre- 
tory), the parietal (oxyntic, acid, or delamor- 
phous), the chief (body chief, central, adela- 
morphous, or zymogenic), and the argentaffine 
(chromaffin) cells. All of these cells along with 
the surface epithelial cells are free to shed in a 
continuous or cyclic manner. However, the 
cells composing the gastric glands are first 
expelled into the glandular lumina where pro- 
longed and concentrated digestion may occur 
before their ejection into the gastric lumen. 
This increased exposure to the digestive fac- 
tors of the gastric secretions causes a struc- 
tural alteration of the glandular epithelial 
cells prior to fixation. A collection of affected 
surface epithelial cells accessible to the abra- 
sive balloon can be accomplished while still 
preserving their cytologic properties during 
delivery. The mucous secretory cell located 
at the neck of the gastric gland is occasionally 
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Fig. 2. Nonmalignant gastric cell (7); malignant gastric 
cell (2). 


recognized in a smear because of a unipolar 
vacuolization that causes nuclear indentation. 
The mucoid particles collecting within the 
cytoplasm and compressing the nucleus may 
give a signet ring appearance to the mucous 
neck cell. These cells have to be differentiated 
from the nonciliated goblet cells of the naso- 
respiratory tract. Rarely is a parietal cell 
with its larger, lighter staining nucleus seen in 
sastric smear. Likewise, the other epithelial 
cells composing the deeper regions of the 
zlandular units escape recovery because they 
lo not come into direct contact with the 
balloon. 

The normal histology of the gastric mucosa 
‘hanges with certain disease processes. The 
rastric cells may reveal the evidence of such 
pathologic changes. Mucosal hypertrophy 
nay be recognized because of an increased 
vumber of available surface epithelial cells 
interspersed with lymphocytes or polymor- 
phonuclear leucocytes. Mucosal atrophy may 
be recognized when mucous neck epithelial 
cells appear in the relative absence of surface 
epithelial cells. Ulcerative lesions may be sus- 
pected when atypical epithelial cells are accom- 
panied by inflammatory cells derived from 
localized mucosal reaction. These atypical 
cellular changes may be slight or equivocal 
and may often be confused with degenerative 
cellular changes. Malignant lesions may be 
discovered because certain abnormal epithe- 
lial cells demonstrate definite malignant devia- 
tions. The surface epithelial cell is seen fre- 
quently enough in gastric smear to be fol- 
lowed through the normal, atypical, and ma- 
lignant transformations. Although in the 
smear picture of a diseased stomach this cell 
type gains primary importance in cancer diag- 
nosis, a single atypical epithelial cell in the 
presence of inflammatory leucocytes should 
be acknowledged cautiously. 
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Fig. 3. Average nonmalignant surface epithelial cells 
from the gastric mucosa: (7) group of average nonmalignant 
surface epithelial cells; (2) cuboidal surface epithelial 
cells; (3) columnar surface epithelial cell with a round 
nucleus; (4) columnar surface epithelial cell with an oval 
nucleus; (5) nuclear remnant stripped of cytoplasm; (6) 
degenerating nuclear remnant showing karyorrhexis; (7) 
degenerating pyknotic nuclear remnant; (8) parietal gastric 
epithelial cell among surface epithelial cells; (9) mucous 
neck gastric epithelial cell with inclusions of mucoid par- 
ticles. 
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Fig. 4. The nucleus of a malignant gastric cell may fea- 
ture: (z) enlargement; (2) hyperchromatism; (3) accessory 
chromatin bodies; (4) irregular contour; (5) chromatin 
condensation; (6) prominent nucleolus; (7) binucleation. 


THE MALIGNANT GASTRIC CELL 


The disorganized growth process of cancer 
allows the rapidly proliferating gastric cell to 
become available prematurely in its primordial] 
state. Somewhat similar to the basal epithe- 


lial cell and much like a megaloblast of the 
erythrocytic series, the young malignant cell 
embodies in its structure an “activated nu- 
cleus.” This nuclear activity reflects the im- 
maturity of the cell. The recently formed 
tender cellular membranes reveal properties 
of increased pliability and permeability which 
probably account for many of the characteris- 
tics associated with the propagating malignant 
cell. The malignant gastric cell presents any 
combination of salient features associated 
with the nucleus, cytoplasm, or cell group: 


CHARACTERISTICS OF THE MALIGNANT 
GASTRIC CELL 

A. Nucleus may feature: (1) enlargement, (2) hyper- 
chromatism, (3) accessory chromatin bodies, (4) irregular 
contour, (5) chromatin condensation, (6) prominent nuc- 
leolus, (7) binucleation, (8) multinucleation, (9) giant cell 
formation, (10) indentations, (11) cytoplasmic stripping, 
(12) ballooning, (13) fragmentation, (14) polar concentra- 
tion, (15) projections, (16) vacuolar inclusions, (17) mi- 
totic fission, and (18) gigantism. 

B. Cytoplasm may feature: (1) reduced volume, (2) 
small vacuolar inclusions, (3) large vacuolar inclusion, 
(4) perinuclear vacuolization, (5) coalescence of boundaries, 
(6) pseudo-orangeophilia, (7) degeneratirig cell inclusion, 
(8) malignant cell inclusion, (9) polymorphonuclear leuco- 
cyte inclusion, (10) inclusions of debris, (11) lymphocytic 
leucocyte inclusion, and (12) irregular stringing. 

C. Cell groups may feature: (1) irregular arrangement, 
(2) anisocy tosis, (3) anisonucleosis, (4) asymmetry, (5) un- 
even staining, (6) superimposition, (7) crowding, and (8) 
pleomorphism. 

The nucleus of the malignant gastric epithe- 
lial cell consistently shows the deteriorating 
change progressing within the cellular struc- 
ture. A number of characteristic alterations 
can usually be depicted in any particular 
malignant nucleus (Figs. 4, 5, and 6). The 
enlarged nucleus gains a certain amount of 
hyperchromasia because accessory chromatin 
bodies concentrate on the inside of the nuclear 
shell and promote density on staining. This 
same membranous shell may assume any 
irregularity in contour. Frequently, the nu- 
cleus undergoes chromatin condensation and 
pyknosis. When the hyperchromasia is not 
intense enough to mask the detail of the chro- 
matin network, a large nucleolus may be 
quite prominent among the many chromatin 
bodies. Binucleation is seen occasionally and 
may represent either a coalescence of cellular 
boundaries or a stage of mitosis. Multinuclea- 
tion results from an exceptionally rapid pro- 
liferation of cells causing nuclear crowding 
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ig. 5. The nucleus of a malignant gastric cell may fea- 
ture: (8) multinucleation; (9) giant cell formation; (zo) 
indentation; (rz) cytoplasmic stripping. 


within a small area. A syncytium of abnormal 
cells sometimes similates a large multinucle- 
ated giant cell, in which case the nucleiare all 
arranged asymmetrically and lack their re- 
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Fig. 6. The nucleus of a malignant gastric cell may fea- 
ture: (z2) ballooning with unaffected bacteria nearby; 
(13) fragmentation; (z4) polar concentration; (15) projec- 
tion; (76) vacuolar inclusions; (17) mitotic fission; (78) 
gigantism. 


Occasionally, 


spective cellular boundaries. 
the nucleus becomes indented because of ex- 
trinsic compression from inclusions within the 
cytoplasm. Naked malignant nuclear rem- 
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Fig. 7. The cytoplasm of a malignant gastric cell may 
feature: (z) reduced volume; (2) small vacuolar inclusions; 
(3) large vacuolar inclusion; (4) perinuclear vacuolization; 
(5) coalescence of boundaries; (6) pseudo-orangeophilia 
with erythrocytic inclusions; (7) degenerating cell inclusion. 


nants devoid of a cytoplasmic component 
appear not unlike the nucleus of an intact 
malignant cell. Degenerative changes are 
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usually magnified in the nucleus that is malig- 
nant. Drying may cause the malignant cell 
to balloon, creating a large smudged nucleus. 
Increased fragility of the nucleus may be evi- 
denced by nuclear fragmentation. The dark 
staining chromatin material situated on the 
interior surface of the nuclear membrane may 
cause a prominent thickening of the mem- 
brane. This same chromatin material occa- 
sionally shifts toward one poe of the mem- 
brane to effect polar concentration. Frequent- 
ly the nucleus may distort into bizarre shapes. 
Pressure sustained during the creation of the 
gastric smear may be great enough to form a 
projection of the nucleus. Vacuolar inclusions 
can occur within the nucleus especially when 
there is a loss of the cytoplasm. While 
mitotic figures develop in the deeper portions 
of the malignant lesion, a nuclear fission is 
sometimes encountered. When seen, gigan- 
tism probably represents a part of the unpre- 
dictable growth activity. These are a few 
ways in which the malignant nucleus exhibits 
the unnatural process that it harbors. 

The cytoplasm of the malignant gastric 
epithelial cell reveals qualities less definite 
than those ascribed to the nucleus (Figs. 7 
and 8). The cytoplasmic volume is usually 
reduced in amount as the enlarged nuclear 
mass occupies the major part of the cell. This 
results in a reversed nucleocytoplasmic ratio. 
Multiple small or single large vacuolar inclu- 
sions may collect in the cytoplasm and even 
compress or encircle the nucleus. The ten- 
dency for this vacuolar formation can often- 
times be controlled by varying the concentra- 
tion of the fluid media containing the cells. 
The cytoplasm of several cells may coalesce 
as their dividing boundaries disappear. Occa- 
sionally, staining reactions become significant 
as in pseudo-orangeophilia. Erythrocytic in- 
clusions or extracellular hemolysis are often 
associated with this unusual orange color. 
Assimilation of heme liberated at the time of 
hemolysis may explain why the cytoplasm 
has this eosinophilic affinity. The phagocytic 
tendency of the immature cell is probably 
derived from a cytoplasmic quality associated 
with the young cell. As a result of this primi- 
tive characteristic, inclusions may be incor- 
porated within the cytoplasmic mass in the 


























form of degenerating cells, malignant cells, 
polymorphonuclear or lymphocytic leuco- 
cytes, or necrotic debris. When the cytoplas- 
mic mass is compressed during smear prepara- 
tion, the effects of increased surface tension 
may result in fragmentation of the cyto- 
plasmic membrane with irregular stringing. 
These are a few ways in which the cytoplasm 
of the malignant gastric cell may suggest 
abnormality. 

The malignant cell group contains more 
than 1 cell and lends a basis for structural 
comparison. The cellular aggregate may not 
only reveal the gamut of nuclear and cyto- 
plasmic criteria, but may present some im- 
portant additional criteria (Fig. 9). The cells 
are assembled irregularly and present con- 
spicuous variations in their size and shape. 
rhe cluster reveals an asymmetrical arrange- 
ment causing loss of polarity. The difference 
in the maturity of the individual cells may be 
traced through uneven staining reactions. 
The superimposition of the eccentrically 
crowded cells emphasizes the lack of restraint 
{ the growth process. The pliable mem- 
branes of the young cells permit pleomor- 
phism. Other architectural distortions may 
arise from the mechanics of smear prepa- 
ration such as damage from drying (Fig. 10). 
This kind of degeneration might result in 
pyknosis or ballooning depending upon the 
concentration of the solution. In such ways 
does the cell group aid in the establishment of 
a positive impression. 


BLOOD CELLS FROM THE GASTRIC LUMEN 


Blood cells may collect in the gastric lumen 
with selective predominance according to the 
pathologic condition that is prevalent (Fig. 
11). The erythrocyte is rarely seen in the 
benign gastric smear. The presence of intact, 
crenated, or hemolyzed erythrocytes usually 
suggest a malignant stomach containing a fri- 
able vascular tumor. Polymorphonuclear leu- 
cocyles are frequently encountered because of 
a reactive response to an inflammatory gas- 
tritis or to a foreign body such as a rubber 
tube that is introduced into the stomach. If 
the leucocytes are degenerating, their nuclear 
segments may be found fragmented or pyk- 
notic. Lymphocytic leucocytes are frequently 
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Fig. 8. The cytoplasm of a malignant gastric cell may 
feature: (8) malignant cell inclusion; (9) polymorphonu- 


clear leucocyte inclusion; (zo) inclusions of debris; (zz) 
lymphocytic leucocyte inclusion; (2) irregular stringing. 


seen associated with gastritis or ulcerative 
processes. Size variations among the lympho- 
cytes do occur. A general increase in their 
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Fig. 9. The malignant cell group may feature: irregular 
arrangement, anisocytosis, anisonucleosis, asymmetry, un- 
even staining, superimposition, crowding, and pleomor- 
phism. 


size may suggest lymphoblastic activity and 
may aid in the evaluation of lymphosarcoma. 
Unfortunately the nucleus will stain hyper- 
chromatic and hide proper identifying fea- 
tures. Plasma cells appearing with eccentric 
round nuclei display a cart wheel chromatin 
effect which may be mistaken for degenerating 
polymorphonuclear leucocytes. Usually asso- 


ciated with large numbers of erythrocytes, 
their presence is suggestive of chronic inflam- 
matory processes. Monocytes with slightly 
indented nuclei are seen occasionally in the 
benign stomach. Inactive histiocytes, although 
larger cells, bear a resemblance to the mono- 
cyte. The nucleus may contain a prominent 
nucleolus and present unipolar invagination. 
The inactive histiocyte is usually found dis- 
creetly isolated, a fact that helps to differen- 
tiate this type cell from the gastric surface 
epithelial cell. Active histiocytes become signi- 
ficant in smear because they appear when an 
infectious, traumatic, or tumor reaction stirs 
up a phagocytic response in the stomach. Pre- 
senting a variety of odd shapes, the bizarre 
active histiocyte is difficult to distinguish from 
a malignant cell. The young actively regen- 
erating histiocytic cell reveals an enlarged 
hyperchromatic nucleus. Phagocytosis causes 
morphologic distortions of the nucleus as the 
cytoplasmic mass accommodates cellular in- 
clusions by engulfment. The reparative post- 
operative gastric resection may also show re- 
active phagocytosis and yield active histio- 
cytes with criteria that cannot be told apart 
from the criteria associated with true malig- 
nancy. Therefore, any active reparative proc- 
ess must be considered in the final interpreta- 
tion of a suspected malignant stomach. This 
is another reason why an intelligent under- 
standing of the gastric smear involves not only 
recognition of the malignant gastric cell but an 
integrated knowledge of the overall smear 
picture including the various foreign con- 
taminating cells. 


GROWTH OF GASTRIC CANCER 


The balanced cycle of epithelial growth and 
exfoliation permits the gastric mucosal cells 
to regenerate at a steady rate and replace 
those cells that mature and eventually shed. 
This normal uninterrupted growth process is 
a function of unknown local and systemic fac- 
tors. The structural activity of the surface 
epithelial cell remains passive depending on 
variables much like the bacterial colony whose 
morphology may be controlled by slight en- 
vironmental alterations. The nidus of adeno- 
carcinoma forms erratically along the mu- 
cosal surface of the stomach. This unicentric 
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or multicentric phenomenon is accompanied 
by characteristic abnormal cytologic trends. 
Whether the different epithelial cell types of 
the gastric mucosa are capable of producing 
the same malignant lesion is not clearly under- 
stood. From the gastric smear in which the 
surface epithelial cell is recognized with cer- 
tainty, it would appear that this epithelial 
cell type is the cytologic unit in which adeno- 
carcinomatous change develops. The trigger 
mechanism for this malignant evolution with- 
in the cell is not yet recognized. 

Once initiated, the progress of gastric ade- 
nocarcinoma is divided into three different 
phases. The “‘first phase of increased exfolia- 
tion” develops as the actively proliferating 
atypical epithelial cells hurriedly shed from 
the entire free surface periphery of the lesion 
in an effort to accommodate newly forming 
cells from beneath. In this early stage, the 
affected epithelial cells seek the path of least 
resistance and exfoliate abundantly. This im- 
mature epithelial cell is undifferentiated and 
exhibits most of the criteria of malignancy. 
The increased rate of exfoliation continues 
effectively until the growth finds the pressure 
resistance equalled between the central gener- 
ating focus and the surface periphery. The 
‘‘second phase of local invasion” begins as the 
rate of cellular proliferation becomes greater 
than the rate of cellular exfoliation. The cells 
crowd themselves out of bounds and push 
downward into the tissues in order to cope 
with the lack of available space. The malig- 
nant cells forming the interior of the expand- 
ing lesion are unable to shed and find opportu- 
nity for maturing. The telltale malignant 
characteristics denoting the inherent quality 
of the abnormal epithelial cells are then tem- 
porarily masked as the cells differentiate to 
produce deeper papillary configurations of the 
invading process. The “third phase of intra- 
mural growth” is attained when the malignant 
epithelial cells penetrate deep enough so that 
proliferation becomes dependent upon the 
mechanics of intramural muscular activity. In 
this unnatural position the growth configura- 
tions will rearrange according to the muscular 
stresses and strains. While the malignant gas- 
tric cell is growing to adapt to its new environ- 
ment, local vascular supply gradually becomes 
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Fig. 10. Malignant cell groups may undergo architec- 
tural distortions: (1) pyknosis may occur as a result of 
drying in hypertonic medium; (2) ballooning may occur as 
a result of drying in a hypotonic medium. 


more difficult. The altered cell becomes un- 
able to attain the substantial security of bal- 
anced nutritional demand. The metabolic 
equilibrium is lost and the cellular maturity is 
further sacrificed. Anaplastic growth develops 
within the muscle bundles as the malignant 
epithelial cells become physiologically embar- 
rassed. In the meantime the rapidly multiply- 
ing malignant cells will still continue to exfoli- 
ate from the surface without regard to the 
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Fig. 11. Blood cells from the gastric lumen: (7) eryth- 
rocyte; (2) polymorphonuclear leucocyte; (3) lymphocy- 
tic leucocyte; (4) lymphocyte from a stomach contain- 
ing lymphosarcoma; (5) lymphoblast from a stomach con- 
taining lymphosarcoma; (6) monocyte; (7) histiocyte (in- 
active form); (&) histiocytes (active forms) from a stomach 
containing reticulum cell sarcoma; (g) histiocyte (active 
form) from a stomach in a reparative stage following a 
subtotal gastric resection for a benign duodenal ulcer. 


phase of advancing growth. Occasionally the 
deep seated malignant gastric cells attain sur- 


face exfoliation by the process of ulceration. 
When a cicatricial reaction is stimulated by 
the malignant growth process, a fibrotic inter- 
ruption of the cancer may result if the scar 
replacement of the tumor occurs more rapidly 
than the malignant cellular propagation. This 
results in limitation of the invasive phase to 
the creeping margin of the lesion still unaf- 
fected by fibroblastic incorporation. Distant 
metastasis is accomplished by way of the 
neighboring vascular and lymphatic channels. 
Phagocytic activity may play a role in this 
tumor transference. 

Presumably the surface epithelial cell is 
dominant in the ability to outgrow and ac- 
cordingly overrun the other types of epithelia] 
cells that would concurrently undergo atypia 
in the adjacent mucosa. This predominance 
can change. For example, the slower growing 
colloid type of carcinoma may be derived from 
some other epithelial source. With this con- 
cept of gastric cancer formation based on the 
deteriorating gastric surface epithelial cell, it 
is not difficult to understand why a peduncu- 
lated gastric polyp with early malignant 
change might develop a prolonged phase of 
increased exfoliation before local invasion oc- 
curs across the pedicle attachment; or why a 
small gastric ulcer surrounded with an edge 
of malignant epithelial cells might encourage 
rapid transcension of the malignant process 
into the phase of intramural growth. The af- 
fected cells occupy a position that promotes 
permeation of the deep gastric muscles by 
way of the penetrating ulcer base. This also 
explains why a lesion would have the oppor- 
tunity to develop into a large bulging cellular 
mass if it were located at the proximal end of 
the stomach where there is a large potential 
air space, or why a lesion would result in an 
annular constricting mass if it were located 
at the distal end of the stomach where actively 
collapsing gastric walls are confronted with a 
continual pooling of injested materials. The 
neoplasm would receive enough trauma to 
cause repeated dispersion of the tumor with 
subsequent fibrosis. 

Could it be possible that the adenocarcinom- 
atous lesion is rare in the younger age group 
because there is less likelihood of acquiring a 
combined alteration in local and systemic fac- 
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tors, and more frequently established in the 
sostmenopausal period during which time the 
-ystemic change results in atrophy associated 
jth decreased cellular exfoliation, cellular 
tagnation, and increased cellular aberrations? 
‘ould this same adenocarcinomatous lesion 
ecome especially vicious in the premeno- 
ausal age when estrogenic functional peaks 
iuse increased irritability and engender rap- 
| intramural spread, or show slower growth 
lvancement in the postmenopausal period 
hen there is a decreased metabolic rate with 
minished muscular activity? These are a 
w of the thoughts that await confirmatory 
oof. A good working hypothesis is often- 
nes the tool that aids in constructing more 
‘ncrete pathways of investigation. Cytology 
iy yet lend the means of understanding 
me of the obscure malignant mechanisms 
veloping within the stomach. 
SUMMARY AND CONCLUSIONS 
Gastric cytology is a growing science. Non- 
alignant and malignant gastric cells are 
und to coexist in the same stomach. If the 
~ omach is mechanically irritated, the malig- 
| int gastric epithelial cell will exfoliate more 
pidly than the nonmalignant gastric epi- 
elial cell. Because of this phenomenon, the 
alignant cell is seen frequently in the malig- 
int gastric smear and the nonmalignant cell 
i- seen only rarely in either the benign or 
alignant gastric smear. 
The identity of a cluster of malignant gastric 
ithelial cells is not difficult. Accurate diag- 
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nosis can be made by comparing the architec- 
tural structure of the individual malignant 
cells seen in group arrangement. The more 
delicate problem involves the recognition of 
the single isolated malignant gastric epithelial 
cell which may be classified as pathognomonic 
on the basis of certain recognizable charac- 
teristics. 

The abrasive gastric balloon has afforded 
the material for this study. The cellular cri- 
teria for judging the malignant from the non- 
malignant gastric cell are outlined and illus- 
trated. This presentation is offered as a basic 
contribution for the progressive understand- 
ing of certain fundamental features of the ma- 
lignant gastric cell. 

While this discussion offers only a prelude 
to the mysteries occurring within the diseasing 
stomach, the intensified study of this problem 
may shed light on more generalized ramifica- 
tions of aberrant malignant formation. May 
increasing knowledge of gastric cytology be 
forthcoming with the availability of better 
preserved cells derived from the stomach. 
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BRING MEDICAL STUDENTS 
INTO VETERANS HOSPITALS— 
INTERCHANGE VETERANS 
AND CIVILIAN HOSPITAL 
RESIDENTS 


NDERGRADUATE teaching and 
resident training programs in Vet- 
erans Administration hospitals as- 

sociated with medical schools are commonly 
conceded to be of good to excellent character 
and care of the patients in these hospitals to 
represent a signal improvement over that ex- 
isting prior to World War II and the imple- 
mentation of Public Law No. 293. In the 
Veterans Administration, speaking only of the 
general medical and surgical beds currently in 
operation, approximately 32,000 are in hospi- 
tals affiliated with medical schools or asso- 
ciated with Deans’ Committees. However, a 
great number of beds, approximately 17,000, 
lie outside of Deans’ Committee hospitals, and 
in thesé the leavening influence of teaching 
programs at undergraduate or resident levels 
is noticeably missing. 


It is true that in most such hospitals varying 
in size from 80 to 300 beds, the Veterans Ad- 
ministration has provided for weekly clinical, 
x-ray, and pathologic conferences and that 
periodic visits of local and regional consultants 
do help as stimuli; nevertheless one must ad- 
mit that the level of staff interest could be 
improved by the presence of bedside teaching 
with medical students. Hospitals of this size 
have neither interns, residents, nor clinical 
clerks and are located in small cities, often 
close to excellent civilian hospitals. Although 
occasionally in remote sections, they often lie 
but an hour or two distant from a medical 
school in need of further beds for clinical 
teaching. 

The program recently inaugurated by Dr. 
Reginald Smithwick gives fourth year stu- 
dents at Boston University School of Medicine 
access to the large clinical teaching material at 
the Providence, Rhode Island, Veterans Hos- 
pital. 

These students leave Boston on an early 
morning train, complete the 52 mile trip to 
Providence, have a morning of clinical instruc- 
tion, and return in time for their afternoon 
classes in Boston. Members of the Providence 
hospital hold teaching appointments in the 
Boston University Faculty of Medicine. In 
times such as these when insurance plans have 
shrunken ward teaching services in civilian 
hospitals to a fraction of their former size and 
reduced their population to a preponderance 
of the elderly, such integrated plans are to be 
roundly applauded. 

Logically, such participating Veterans Ad- 
ministration hospitals, although removed geo- 
graphically from their participating medical 
schools, might be brought under the Deans’ 
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Committee aegis. In this manner, although 


he payer of federal taxes is making a valuable 
ontribution toward medical education, it 
annot be said that ‘“‘the Federal government 
;s dictating to the medical schools.” 

We should now further enlarge the concept 

o that the surgical residents in civilian and 

‘eterans Administration hospitals may inter- 
hange and rotate during the course of their 
‘aining. Residents trained in Veterans Ad- 
\inistration hospitals are nearly unanimous 
| decrying the limitations of their clinical ma- 
‘rial: the absence of children’s surgery, pau- 
ty of female ailments, and of acute emergen- 
es including traumatic conditions. One Vet- 
‘ans Administration surgeon, after being cer- 
tied by the American Board of Surgery con- 
ssed that he had never done a radical breast 
eration. Others have never treated pyloric 
struction of infancy nor seen an ectopic 

‘egnancy. Yet cases in these short categories 
. ound in civilian hospitals offering residen- 

es. Particularly in the fields of orthopedics, 
constructive and gastric surgery, as well as 
the enlarging area of geriatrics, the Veterans 
dministration is rich in patients. 

The majority of our residents in training to- 
cay in civilian hospitals lack sufficient ward 

‘ds for their proper training. It is transpar- 
cently obvious that a period of service in each 
ivpe of hospital would be most beneficial to 
the trainees whether primarily nominated by 
the Veterans Administration or by the civilian 
institution. 

It may not be amiss to remark that resi- 
dents and those in residency programs should 
he capable of self-education. If the degree of 
| )octor of Medicine requires as prolonged and 
intensive study as the degree of Doctor of 
Philosophy, then resident training is actually 
post-postgraduate education. Perhaps some 
degree of spoon-feeding is permissible during 
intern training, but those capable of benefiting 
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by a residency should be those capable of 
planning their own clinical observations, 
teaching, operating, rounds, and perhaps to 
some extent their own research. 

The current philosophy of something com- 
parable to a ‘‘40 hour week”’ for residents with 
as many nights and week-ends off duty as pos- 
sible means only the degradation of opportu- 
nity. As Dunphy hassaid, “Time off is now re- 
garded as compulsory as time on.”’ The most 
interesting cases and the most troubling com- 
plications will continue to have a perverse way 
of occurring just as the whistle blows or just in 
the middle of the night. Continuity of obser- 
vation is essential to good patient care. In 
fact, the very term “resident” implies living in 
the hospital and close to patients most of the 
time. As Osler “brought the student to the 
patient’s bedside,” residencies should keep 
him there. 

But to return to our thesis and quote an- 
other example of successful integration: the 
University Hospitals at Jowa City now send 
their residents in urology and anesthesiology 
for definite terms to the Des Moines Veterans 
Administration Hospital, 120 miles distant, 
while the latter institution sends some of its 
residents to Iowa City for a part of their 
training. It is understood that plans are being 
made for the rotation of residents between the 
University and Veterans Administration Hos- 
pitals in lowa City to include otolaryngology, 
orthopedics, surgery, and ophthalmology. 
Who can doubt but that such residencies be- 
come more valuable and that each of the 
hospitals is benefited ? 

The next logical step is for similar affilia- 
tions between Veterans Administration hos- 
pitals and nonuniversity hospitals of high 
caliber. Reinforcement of both programs can 
be predicted of such marriages. We can all 
bring to mind geographic proximities which 
could lend themselves to expansion of the 






246 








the deed. 





AucustT F. Jonas, Jr. 






THE “SILENT” GALLSTONE 


HETHER or not there is such an 

entity as a silent gallstone is a 

matter of controversy. Certainly 

there are many physicians who feel that there 
is such an entity, and that in the absence of 
ba any definite symptoms referable to the biliary 
tract the stone should be ignored as far as 
surgery is concerned. Such a stone may be 
discovered either during a laparotomy or dur- 
ing a routine x-ray survey of the gastroin- 
testinal tract. In either event, there has been 
no history characteristic of biliary tract dis- 
ease. The number found in the manner men- 
tioned is relatively small and many consider 
the stone demonstrated at the time of chole- 
cystography, in which there are no immediate 
symptoms referable to the biliary tract, also 
to be a silent stone. This is not entirely true 
since the indications for taking cholecysto- 
grams are usually related to some symptoms 
associated with the gastrointestinal tract. It 
is well established that the processes which 
cause the formation of gallstones also cause 
changes in the mucosa of the gallbladder, and 
this leads to further alterations in the function 
of the gallbladder. From a strictly technical 
viewpoint it is more desirable to perform a 
cholecystectomy at the time of discovery 
rather than later when complications develop. 
The presence of a stone or stones in a gall- 
bladder is the precursor of several serious con- 
ditions associated with the biliary tract. 
Acute cholecystitis is one of these. It is rare 
to find such a condition without gallstones 
and, as has been emphasized by others, the 
acute attack is dependent upon previous 
chronic cholecystitis associated with chole- 
lithiasis. At the onset of acute cholecystitis 
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programs outlined. The thought must precede 


edema rapidly develops, not only in the wall 
of the gallbladder but also at the junction oi 
the cystic and common ducts. Since this is a 
region of numerous anatomic variations, cleai 
vision is of great importance in preventing 
injury to any of the structures of this area. A 
further complication which may occur in the 
case of acute cholecystitis is perforation. Per- 
foration of the gallbladder during an acute 
episode is not frequent, but the mortality ‘is 
high and the morbidity in those surviving 
prolonged and debilitating. Only by careful 
dissection can the cystic and hepatic arteries 
and the biliary ducts be identified and not in- 
jured. Thus the time for cholecystectomy 
is before an acute attack begins. 

Common duct stones have been found in 
up to 20 per cent of cases of cholelithiasis. 
These stones may cause either intermittent 
obstruction or, when they are sufficiently 
large, complete obstruction. In either case 
there is always some damage to the liver, the 
degree of damage depending upon the period 
of complete obstruction. Often associated 
with common duct stones and the accompany- 
ing inflammatory reaction is either a spasm 
or a stenosis of the sphincter of Oddi. When 
this occurs even more extensive surgery is re- 
quired, such as transduodenal or transchole- 
dochal section of the sphincter. These com- 
plications can be prevented if the stone is re- 
moved before it reaches the common duct. 
Again cholecystectomy is indicated when the 
stone is found or demonstrated in the gall- 
bladder and not after complications develop. 

In most cases of carcinoma of the gallblad- 
der, stones have been found. Some surgeons 
have stated that in their experience carcinoma 
of the gallbladder is always associated with 
stone. With the lengthening of the life span 
there seems to be an ever increasing incidence 
of older individuals with carcinoma of the 
gallbladder. One cannot help but surmise 














that this is due to the long period of irritation 
to the mucosa of the gallbladder by the pres- 
ence of stones for many years. It is most 
frustrating to the surgeon to operate upon a 
patient, suspected of having chronic chole- 
cystitis with stones, only to find a far advanced 
and inoperable carcinoma involving the com- 
mon or hepatic ducts. Much attention has 
been given to the solitary nodule of the thy- 
roid because of the high incidence of cancer 
in such thyroids. By the same token it should 
ve considered that a gallstone is an irritating 
‘actor possibly leading to carcinoma, and 
should, therefore, be removed at its earliest 
liscovery. 

Cardiologists have been impressed by the 
requent association of coronary heart disease 
ind gallbladder disease. The differentiation 
etween biliary colic and an attack of angina 
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is at times most difficult. There is a certain 
amount of evidence that coronary symptoms 
are aggravated by recurrent attacks of biliary 
colic. Surely it is better to remove the gall- 
bladder early in a patient having myocardial 
damage than to wait until he develops one of 
the complications mentioned. 

If the problem of cholelithiasis is considered 
from the standpoints mentioned, one must 
question the benign character of any stone. 
The gallstone is the main factor in the pro- 
duction of acute cholecystitis, common duct 
stones, and carcinoma of the gallbladder. A 
silent stone, like a silent volcano, may erupt 
at any time. Therefore there should be no 
period of watchful waiting. Cholecystectomy 
should be performed at the time of the dis- 
covery of the stone, and not when the com- 
plications arise. CuHar tes D. BRANCH. 
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An Intestinal Holding Clamp for Deep Pelvic Anastomosis of the Colon.—Harold L. Foss. 





THE SURGEON AT WORK 


AN INTESTINAL HOLDING CLAMP FOR DEEP PELVIC 
ANASTOMOSIS OF THE COLON 


HAROLD L. FOSS, M.D., F.A.C.S., Danville, Pennsylvania 


ERTAIN operations, particularly resec- 
tions utilized in the treatment of car- 
cinoma of the sigmoid, ulcerative colitis, 
diverticulitis, endometriosis, and seg- 

mental ileocolitis, involve the making of an 
inastomosis, often deep in the pelvis and fre- 
quently in obese patients. Those who resort to 
yrocedures aimed at sphincter preservation in 
‘arcinoma of the rectum or rectosigmoid, par- 
icularly, may experience technical difficulties in 
‘arrying out the anastomosis. Partly because 
suitable clamps have not been devised for ade- 
juately holding the segments of the bowel while 
hey are being united, deep pelvic anastomosis of 
he colon is often a difficult problem for any of us. 
\ny such operation performed at, or close to, the 
interior flexion of the peritoneum is usually dif- 
icult in obese patients, especially those with a 
leep pelvis. Many surgeons resort to no clamps 
vhatever in carrying out the procedure, the opera- 
‘(ion being truly an open one. At times, such a 
srocedure may well prove hazardous. I recently 
witnessed such an operation performed by one of 
uur most skilled surgeons who, not anticipating 
hat the patient had not been well prepared, was 
‘mbarrassed by an overwhelming inundation of 
bowel contents. By and large, any of these pro- 
cedures can best be performed if the segments of 
ihe bowel to be anastomosed are temporarily 
closed, gross contamination being thus prevented. 
in addition, suitable clamps will permit the bowel 
to be steadied by an assistant during the place- 
ment of the sutures. 

Instruments for the purpose have been devised 
by Furniss, Bainbridge, Brunner, Rankin, Pem- 
berton, and others. For years one of the most 
popular devices for the purpose has been the 
Thomas Smith clamp, one used by the author for 
many years but found too awkward, and none too 
well designed. A new instrument was gradually 
evolved, as herewith described, and has been used 
for years, with various modifications, until its 
present form. Since the instrument has proved 
especially satisfactory, it was believed worth 


while to call the attention of the surgical profes- 
sion to it. 

The clamp—which is made in pairs—is so 
constructed that it holds the bowel adequately 
and firmly yet without crushing. The reverse 
curves of the handles are so designed that they lie 
entirely without the abdomen and nearly hori- 
zontally upon it when the clamp is held in the 
hands of the assistant who keeps well out of the 
way of the surgeon. Once the resection has been 
carried out and the bowel segments grasped in the 
individual forceps of the pair, the anastomosis can 
be carried out by any one of a number of tech- 
niques and according to the preference of the 
surgeon. Interestingly enough, these forceps, 


Fig. 1. 


which have been used by the author in many 
procedures calling for rectosigmoid or sigmoid 
anastomosis deep in the pelvis, have proved 
equally satisfactory in total gastrectomies. Al- 
though originally not intended for this procedure, 
yet, in experiencing some difficulty in anastomos- 
ing the esophagus to the jejunum, the clamps have 
been resorted to and, surprisingly, found to be as 
helpful in this procedure as they were in the pelvis 
in the operations on the colon. 
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HE 300 page monograph, Gastric Cancer by 
| Alfred H. Iason, is a compilation of the litera- 
ture on this subject, a collective review. The 
subject material is divided into 13 chapters, including 
anatomy, histology, incidence, etiology, pathology, 
symptomatology, diagnosis and differential diag- 
nosis, presurgical preparation, anesthesia, surgery, 
postsurgical treatment, complications, and prog- 
nosis. There is a section of references to the litera- 
ture and a short index is included. While not ex- 
tensive enough to serve as a complete reference work, 
it is at the same time too long for the average under- 
graduate student. There is little attempt at critical 
review, although some effort in this direction has 
been made by leaving out those things that the 
author considers not applicable. It is not an easy 
monograph to read since it so largely consists of 
quotations from others who have published papers 
on this subject, though it is true that most of the 
points of interest to the surgeon who is caring for 
gastric cancer are covered in the text. There are a 
number of illustrations which are quite satisfactory. 
The photomicrographs in general are excellent. The 
quality of the paper, the printing, and the binding 
are excellent. Tuomas C. Douctass. 


HERE is an increasing trend toward large vol- 

umes in surgical textbooks. As of the present 
writing, The Management of Abdominal Operations* 
is the largest we have seen in a single book, there 
being 1,253 pages. Obviously, it could never be read 
completely, and it can be kept to serve only as a ref- 
erence work. A possible minor criticism is that those 
most likely to benefit from the volume such as 
students and interns may be hesitant about includ- 
ing its expense in their budgets. 

The general practitioner who frequently performs 
surgical operations will find this book helpful because 
of the great stress upon preoperative and postoper- 
ative treatment which, after all, is the goal indicated 
in the title. A very satisfactory proportion of the 
work deals in much detail with preoperative and 
postoperative care. It is interesting to note how up- 
to-date the references to antibiotics and other agents 
are, which is sometimes not the case because of the 
prolonged period required for collecting and editing a 
great number of manuscripts. There is satisfactory 


1GastRic CANCER. By Alfred H. Iason. New York: Grune & 
Stratton, 1953. 

2THE MANAGEMENT OF ABDOMINAL OPERATIONS. Edited by 
Rodney Maingot, F.R.C.S. New York: The Macmillan Co., 
1953- 
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discussion of fluid balance. The references in this 
section are rather few and perhaps do not include 
some of the more recent contributions from Amer- 
ican authors which have led to a standard program 
in most American hospitals today. 

A section dealing in some detail with cancer of the 
esophagus and gastric cardia is most interesting, but 
perhaps the occasional surgeon would do better to 
refer such cases to the expert. As anticipated, there 
is a very pleasingly done section on gastric and duo- 
denal ulcer, which we would certainly expect from 
Rodney Maingot. The section dealing with disease 
of the biliary tract is complete and stresses the pro- 
per postoperative management of various drainage 
tubes, a matter which the occasional operator would 
do well to heed diligently. 

It is of interest that hernia is covered in a very 
short fashion, the tendency being everywhere these 
days to assume that the interns and residents know 
all about hernias. A personal quotation of Dr. J. C. 
Masson comes to mind: ‘Many of the professors 
would do wel] to Jeave the major resections for the 
residents and spend more time on the hernias.” 

The volume ends with a very timely chapter on 
aseptic surgical technique. Too often, the pro- 
fessors are prone to take these things for granted, 
hence, a few minutes devoted to demonstration of 
proper scrubbing, draping, and management of the 
operative gear are most welcome indeed. 

Epwarp S. Jubb, JR. 


HE authors, Dr. Conway and Dr. Stark, have 

created an excellent picture of the New York 
Hospital of one hundred years ago—the buildings, 
wards, private rooms, operating amphitheaters, 
library, the superintendents, the boards of gover- 
nors, the clashes between personalities, and the 
struggle against the ubiquitous “surgical erysipelas” 
and “hospital gangrene.” 

In their book® this is the background for their 
portrait of Dr. Gurdon Buck, as in actuality it was 
the background for his work. Best remembered for 
his description of Buck’s fascia and Buck’s exten- 
sion, his ‘‘other surgical innovations included exci- 
sion of the knee joint and of the olecranon and suc- 
cessful ligation of such arteries as the common 
carotid, internal carotid, femoral profunda, and 

3PLasTIC SURGERY AT THE NEw York Hospitat ONE Hun- 
DRED YEARS AGO WITH BIOGRAPHICAL NOTES ON GuRDON Buck. 
By Herbert Conway, M.D., and Richard B. Stark, M.D. Fore- 
words by John Hay Whitney, Stanhope Bayne-Jones, M.D., and 
Frank Glenn, M.D. New York: Paul B. Hoeber, Inc., Medical 
Book Department of Harper & Brothers, 1953. 























common and external iliac for wounds and aneurysm. 
....+ He was first in this country to approach lesions 
of the larynx by laryngeal fissure, . . . and his writ- 
ings did much to explain the nature of acute ap- 
pendicitis. Most outstanding, however, were his 
contributions to plastic and reparative surgery, a 
field in which he published twenty-one articles and a 
book ” (Contributions to Reparative Surgery). 

Dr. Buck’s interest in reconstructive surgery was 
stimulated by his work on Civil War soldiers with 
facial wounds who were sent to the New York Hos- 
pital to be under his care. Oddly enough, the first 
patient was a man who had lost much of his cheek 
and maxilla from mercurial necrosis, a circumstance 
which caused the Surgeon General to eliminate 
calomel from the supply list of the Army. 

At a time when most surgery was destructive, Dr. 
Buck was a pioneer in reconstructive surgery in this 
country, and a leader of strong character. The inter- 
woven story of Dr. Buck and his colleagues and the 
New York Hospital affords an excellent example 
that, where such men are, great institutions will 
grow. 

This book is replete with interesting descriptions 
of the then current practices and operations, illus- 
trations of the hospital and patients, anecdotes, and 
many other things. To recount more of them would 
be a poor substitute for the pleasure of firsthand 
reading, which this reviewer recommends. 

FRANK McDowWELL. 


te concise work of 157 pages The Surgery of 
Pancreatic Neoplasms! deals with most of the 
phases of the surgery of pancreatic neoplasms, but 
there are certain omissions. For example, cysts are 
not considered, nor is the question of total pancrea- 
tectomy dealt with. Among the 39 case reports at 
the end of the text, which presumably form the basis 
for this treatise, instances of cysts or of total pan- 
createctomy are not.listed, and thus these subjects 
quite understandably have been omitted. The work 
is Clearly written and the reader is afforded much in- 
formation without having to peruse nonessential or 
repititious writings. The presentation is done in a 
very scholarly manner beginning with the anatomy, 
vhysiology, historic review, and classification. Sec- 
tion II is entitled, ‘“‘The center of the Problem. 
Carcinomas of the Ampulla of Vater and the Head of 
the Pancreas,” and its context is obvious from the 
title. The reviewer is pleased to note the use of the 
term “‘pancreatoduodenectomy” rather than “‘pan- 
creaticoduodenectomy,” which latter term has crept 
into the American literature. An excellent discussion 
is presented. The third and final section is concerned 
with carcinoma of the body and tail of the pancreas, 
cyst adenoma and cyst adenocarcinoma, insulin 
producing tumors, sarcomas of the pancreas, and 
rare benign neoplasms of both the pancreas and the 
ampulla. 


1THE SURGERY OF PANCREATIC NEOPLASMS. By Rodney 
Smith, M.S., F.R.C.S. Edinburgh & London: E. & S. Livingstone 
Ltd.; Baltimore: The Williams & Wilkins Co., 1953. 
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The paper is of high quality, the type is large and 
easily read, and of special excellence are the illus- 
trations and diagrams. 

The book is particularly suitable for those who 
would wish to obtain a rapid, authoritative review of 
most of the principle features of the surgery of pan- 
creatic neoplasms. The reviewer applauds the action 
of the Council of the Royal College of Surgeons in 
awarding this treatise the Jacksonian Prize for 1951. 

ALEXANDER BRUNSCHWIG. 


HE looseleaf notebook type of publication 

Hypersplenism and Surgery of the Spleen® consists 
of approximately 80 pages which represent essentially 
the material presented in an exhibit at the American 
Medical Association meeting in 1951. Some new 
material has been added. The contents are divided 
into seven segments: the spleen, hypersplenism, 
hemolytic anemia, idiopathic thrombocytopenic 
purpura, splenomegaly, surgery of the spleen, portal 
hypertension and its therapy. A brief summary and 
a short bibliography are appended. 

The entire presentation consists of an outline 
given in graphic form: first, of the anatomy and 
histology of the spleen, followed by brief notes on the 
physiology. The various types of disease producing 
splenomegaly are discussed with the results of 
splenectomy graphically shown. The technique for 
splenectomy is very nicely outlined and is illustrated 
by good photographs in color. While these photo- 
graphs are beautifully done, they do not seem as 
effective to me as line drawings of the same technique 
might have been. 

This graphic outline of the subject of hypersplen- 
ism and surgery of the spleen will be found of most 
use to the undergraduate student; however, the 
surgeon who only occasionally sees this type of dis- 
ease and the surgical or medical house officer who is 
making his first clinical acquaintance with these dis- 
eases will find this outline by such authorities as 
Dameshek and Welch quite helpful. 

Tuomas C. DovuG.ass. 


HE authors of Functional Disorders of the Foot? 
are eminent orthopedic surgeons, internationally 
recognized as distinguished authorities. The book 
describes the authors’ experience in office practice 
for the relief of many disabilities of the foot. Its 
purpose is to arouse an interest in the medical pro- 
fession to the seriousness of disabling foot conditions 
and to give them the proper study and attention. 
Although the authors deal primarily with the 
clinical aspect of foot disorders, they do include 
chapters on the evolutionary development of the 
foot, anatomy, and physiology. They stress the im- 
portance of structural and postural stability. In a 
2HYPERSPLENISM AND SURGERY OF THE SPLEEN. By William 
Dameshek, M.D., and C. Stuart Welch, M.D. New York: 
Grune & Stratton, Inc., 1953. 
3FUNCTIONAL DISORDERS OF THE FooT; DIAGNOSIS AND TREAT- 
MENT. By Frank D. Dickson, M.D., F.A.C.S., and Rex. L. 
Diveley, A.B., M.D., F.A.C.S. 3rd ed. Philadelphia, London, 
Montreal: J. B. Lippincott Co., 1953. 
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discussion of the foot in childhood they favor a rigid 
type shoe in connection with which they use inlays 
and the Thomas heel. In the care of the adolescent 
they emphasize the importance of short heel cord 
and snow surgical correction. For flat feet they use 
operative procedures including subtalar bone block, 
the stabilization operation of Hoke and of Miller, 
Whites’ operation for congenital flat foot, and Kid- 
ner’s operation, where the flat foot is due to acces- 
sory scaphoid. 

In treating adults, they believe that little can be 
accomplished in the way of correcting faults in form 
and structure, therefore treatment.is directed to- 
ward relieving the symptoms. There is emphasis on 
the importance of proper footwear, proper supports, 
and exercises as well as general measures to overcome 
any existing systemic factors. 

For the correction of hallux valgus with bursitis, 
the authors use a type of operation in which they 
remove the bursitis and exostosis. In the second 
type operation they follow the Keller procedure, or 
the Mayo operation, and resect the distal end of the 


SURGERY, GYNECOLOGY AND OBSTETRICS 


first metatarsal bone. For the third type, in which 
there is a metatarsus varus primus, they use either 
the Peabody, Lapidus, or McBride procedures. 

Dickson’s operation for intractable plantar warts 
is described in this new edition. The toe and meta- 
tarsal of the affected area are removed by a triangu- 
lar section. 

The book indicates that the authors are aware of a 
system of treatment by means of pliable shoes with 
proper correction and corrected gait to the end that 
pes valgo planus and many of its sequelae can be 
prevented and corrected and that much of the 
surgery for flatfoot may become unnecessary. As an 
ultimate objective it may be hoped that in the future 
treatment of abnormal foot conditions may tend 
more toward the elimination of causative factors 
with special emphasis upon prophylaxis and cura- 
tive procedures rather than upon symptomatic relief. 

This popular book, in its third edition, has gone 
far in its primary objective to stimulate interest in 
the medical profession to give better care for dis- 
orders of the foot. Emit Hauser. 
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CONDUCTION ANESTHESIA. By George P. Pitkin, M.D., 
F.A.C.S., F.I.C.A. Edited by James L. Southworth, 
Robert A. Hingson, and Winifred M. Pitkin. 2nd ed. 
1,005 pages, with 585 illustrations. $22.50. Philadelphia, 
London, Montreal: J. B. Lippincott Co., 1953. 

DisEASES OF MUSCLE; A STuDY IN PATHOLOGY. By 
Raymond D. Adams, M.A., M.D., D. Denny-Brown, 
M.D., D.Phil., F.R.C.P., and Carl M. Pearson, M.D. 556 
pages, with 347 illustrations. $16.00. New York: Paul B. 
Hoeber, Inc., Medical Book Department of Harper & 
Bros., 1953. 

ANNUAL REVIEW OF MEDICINE. Edited by Windsor C. 
Cutting and Henry W. Newman. Vol. 4. 452 pages. 
$6.00. Stanford, Calif.: Annual Reviews, Inc., 1953. 

SURGICAL FORUM; PROCEEDINGS OF THE FoRuM SEs- 
SIONS THIRTY-EIGHTH CLINICAL CONGRESS OF THE AMER- 
ICAN COLLEGE OF SURGEONS, NEW YorK City, SEPTEM- 
BER, 1952. Surgical Forum Committee: Owen H. Wangen- 
steen, M.D., F.A.C.S., Minneapolis, Chairman, J. Garrott 
Allen, M.D., F.A.C.S., Chicago, Warren H. Cole, M.D., 
F.A.C.S., Chicago, Robert E. Gross, M.D., F.A.C.S., 
Boston, Carl A. Moyer, M.D., F.A.C.S., Dallas, I. S. Rav- 
din, M.D., F.A.C.S., Philadelphia, and H. B. Shumacker, 
M.D., F.A.C.S., Indianapolis. 716 pages, illustrated. 
$10.00. Philadelphia and London: W. B. Saunders Co., 
1953- 

ADRENALS IN SuRGERY. By E. Hasner, K. Carlsen, I. 
Engdahl, N. Klaerke, H. Paaby, B. Schultze, M. Sprechler, 
B. Sorensen, and T. Tobiassen. 107 pages, illustrated. 
Copenhagen: Einar Munksgaard, 1952. 

Tue Gotp-HEADED CANE. By William Macmichael, 
M.D. With a foreword by James J. Waring, M.D., and 
preface by William J. Kerr, M.D. New 5th ed. 187 
pages, illustrated. $6.50. Springfield, Ill.: Charles C. 
Thomas, 1953. 

THE Autonomic Nervous SysteEM. By Albert Kuntz, 
Ph.D., M.D. 4th rev. ed. 605 pages, with 94 illustrations. 
$10.00. Philadelphia: Lea & Febiger, 1953. 
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HICAGO’s stature in the medical world 

continues to rise. The city has 5 ac- 

credited medical schools. Four eminent 

medical centers are making distinct con- 
tributions toward the progress of the health of the 
city and the nation: on the south side, centering 
around the University of Chicago, and also on the 
south side, around Michael Reese Hospital; on the 
west side, around the University of Illinois Pro- 
fessional Schools and Cook County Hospital; on 
the near north side, around Northwestern Univer- 
sity. All these centers are now engaged in expan- 
sion programs. 

Chicago is also the headquarters for many med- 
ical and related organizations. Besides the Ameri- 
can College of Surgeons, this is the home city for 
the American Medical Association, the American 
Hospital Association, the American College of 
Hospital Administrators, the Joint Commission 
on Accreditation of Hospitals, the American 
Dental Association, and several prominent med- 
ical journals, among them SURGERY, GYNECOLOGY 
AND OBSTETRICS. 

This city was the setting for the first Convoca- 
tion of the American College of Surgeons which 
met in conjunction with the Clinical Congress of 
Surgeons of North America until the date of its 
merger with the College in 1917. In 1919 surgeons 
of the city and their friends presented the College 
with its headquarters building at 40 East Erie 
Street, to which was added in 1926 the John B. 
Murphy Memorial Auditorium. 

As on previous visits, the Chicago Committee 
on Arrangements is making plans for a memorable 
Congress week, and extends a cordial welcome to 
visitors in the belief that this medically-minded 
city will be ideally suited for a successful scientific 
Congress. 
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The Congress program continues to take shape, 
and this issue of SURGERY, GYNECOLOGY AND OB- 
STETRICS will fill in further details not published 
in the June issue, which carried a general picture 
of the entire program, or in the July issue, de- 
voted mainly to the postgraduate courses. The 
September number of this journal will carry the 
full program. 

EVENING SESSIONS 

There will be 3 evening sessions, to be held on 
Monday, Wednesday, and Friday. Tuesday and 
Thursday evenings will be open for special meet- 
ings. 

Dr. Thomas C. Douglass, chairman of the Chi- 
cago Committee on Arrangements, will open the 
Presidential Meeting on Monday evening with an 
address of welcome. Dr. Evarts A. Graham will 
introduce distinguished guests, Dr. Harold L. 
Foss will give the Presidential Address, and Sir 
James Paterson Ross, London, England, will give 
the Eighth Martin Memorial Lecture, speaking on 
“Science and Surgery.” 

Dr. Robert H. Kennedy will preside over the 
Wednesday evening scientific session. The pro- 
gram will include: “Cardiac Arrest; Etiology and 
Management from a Study of Over 1,300 Cases” 
by J. William Hinton, New York; ‘Metabolic and 
Electrolyte Abnormalities in Severely Ill Cardiac 
Patients and Individuals with Advanced Cancer” 
by Francis D. Moore, Boston; and the Oration on 
Trauma by William L. Estes, Jr., Bethlehem, 
Pennsylvania. 

New Fellows wiil be received into the College at 
the Convocation on Friday evening, and Honor- 
ary Fellowships will be conferred. The new 
President, Fred W. Rankin, will deliver the 
Fellowship Address. 
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GENERAL SURGERY PANEL DISCUSSIONS 
AND CLINICOPATHOLOGY CONFERENCES 


The Congress will open at 10:30 a.m. Monday, 
with a panel discussion on ““Management of Gas- 
tric Ulcers.”” Moderator: Howard K. Gray, 
Rochester, Minnesota. Collaborators: Joseph E. 
Strode, Honolulu; Claude E. Welch, Boston; and 
W. Keith Welsh, Toronto. Dr. Harold L. Foss 
will preside over this meeting. The first clinico- 
pathology conference will be held at 1:30 p.m., 
with Paul R. Cannon, Chicago, acting as mod- 
erator. At 3:30 a panel discussion on “Carcinoma 
of the Mouth” will be held, with James Barrett 
Brown acting as moderator. Collaborators: John 
B. Erich, Rochester, Minnesota; William F. Mac- 
Fee, New York; and Thomas A. Watson, Saska- 
toon. Speakers and subjects of other general 
panel discussions and clinicopathology conference 
follow: 


Tuesday, 1: 30-3 p.m. 

Blood Transfusions; Complications and Their Management. 

Moderator: Paut I. Hoxwortn, Cincinnati. Collabo- 
rators: J. GARROTT ALLEN, Chicago; DouGLas BLAIR 
KENDRICK, JR.; Colonel, West Point; I. S. Ravp1n, Phil- 
adelphia; CARL W. WALTER, Boston. 


Tuesday 3:30-5 p.m. 

Polyposis of the Colon. 

Moderator: PAuL C. Morton, New York. Collaborators: 
BENTLEY P. CoLcocK, Boston; Etson B. HELWwIG, 
Washington, D. C.; Ropert A. SCARBOROUGH, San 
Francisco. 


Wednesday, 1: 30-3 p.m. 


Clinicopathology Conference. 
Moderator: WILLIAM B. WARTMAN, Chicago. 


Wednesday, 3:30-5 p.m. 

Surgery of the Spleen. 

Moderator: Lours M. RoussELot, New York. Collabo- 
rators: ALEXANDER BLiain, III, Detroit; J. ENGLEBERT 
Dunpny, Boston; Ropert H. E. Exvtiotr, New York. 


Thursday, 1: 30-3 p.m. 

Malignant Thyroid Disease. 

Moderator: OLIVER Cope, Boston. Collaborators: R. LEE 
Ciark, Jr., Houston; BRown M. Dosyns, Cleveland; 
Henry H. SeEarts, San Francisco. 


GYNECOLOGY AND OBSTETRICS PANEL DISCUSSIONS 


Wednesday, 1: 30-3 p.m. 

The Physiological Disorders Present in the Toxemias of 
Pregnancy. 

Moderator: RoBert A. Ross, Chapel Hill. Collaborators: 
ALLAN C. BARNES, Columbus; RupoLPH A. BARTHOLO- 
MEW, Atlanta; Witt1am J. DIECKMANN, Chicago. 


Wednesday, 3:30-—5 p.m. 

Surgical Procedures in the Treatment of Sterility. 

Moderator: JoHN Rock, Brookline. Collaborators: WEs- 
LEY T. POMMERENKE, Rochester, New York; JAMEs J. 
SWENDSON, St. Paul. 
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Thursday, 1:30-3 p.m. 

Management and Problems of Prolonged Labor. 

Moderator: JoHN H. Moore, Grand Forks. Collaborators 
GERALD W. Gustarson, Indianapolis; C. Paut Hopc 
KINSON, Detroit; Joun B. Montcomery, Philadelphia 


Friday, 1:30-3 p.m. 

Surgical Procedures in the Treatment of Special Defects ir 
the Pelvic Floor Supports. 

Moderator: ALBERT H. ALDRIDGE, New York. Collabo 
rators: CHRISTOPHER J. DuNCAN, Brookline; Morris A 
GOLDBERGER, New York; ANDREW A. MARCHETTI 
Washington, D. C.; THomAs C. PEIGHTAL, New York 


Friday, 3:15-4:45 p.m. 

The Treatment of Cancer of the Cervix. 

Moderator: Joe V. MetGs, Boston. Collaborators: Con 
RAD G. Cotiins, New Orleans; James F. Notan, Los 
Angeles; FRANKLIN L. Payne, Philadelphia. 


PANEL DISCUSSIONS ON SURGICAL SPECIALTIES 


Friday afternoon will be devoted to panel dis- 
cussions on 5 surgical specialties. Topics and 
speakers are as follows: 


Neurological Surgery 

1:30-3 p.m.—The Neurosurgical Treatment of Epilepsy. 
Moderator: A. EARL WALKER, Baltimore. Collaborators: 
Joun R. GREEN, Phoenix; H. RussELL Meyers, Iowa 
City; THEODORE R. RAsMussEN, Chicago. 

3:15-4:45 p.m.—Cerebral Vascular Surgery. Moderator: 
James L. Poppen, Boston. Collaborators: ELDRIDGE H. 
CAMPBELL, Albany; WALLACE B. Hamsy, Buffalo, CARL 
F. List, Grand Rapids; WiLL1AM H. Sweet, Boston. 


Orthopedic Surgery 

1:30-3 p.m.—Diagnosis and Treatment of Osteogenic Sar- 
coma. Moderator: Murray M. CopELanp, Washington, 
D. C. Collaborators: GRANVILLE A. BENNETT, Chicago; 
NorMAN L. HicinsotuamM, New York; H. HERMAN 
Youn, Rochester, Minnesota. 

3:15-4:45 p.m.—Benign Bone Lesions Sometimes Mistaken 
for Sarcoma. Moderator: PauL C. Cotonna, Philadel- 
phia. Collaborators: CARL E. BADGLEY, Ann Arbor; G. 
Epmunp Haccart, Boston; MARY S. SHERMAN, New 
Orleans. 


Plastic Surgery 

1:30-3 p.m.—Management of Compound Facial Injuries. 
Moderator: Minot P. FRYER, St. Louis. Collaborators: 
ALBERT D. Davis, San Francisco; W. Bowpoin Davis, 
Baltimore; Hans May, Philadelphia. i 

3:15-4:45 p.m.—Reconstructive Surgery of the Hand. 
Moderator: WALTER G. GRAHAM, Santa Barbara. Col- 
laborators: HERBERT Conway, New York; JOHN TEN- 
ERY, Lt. Colonel, Phoenixville; Forrest YounG, Red- 
lands. 


Thoracic Surgery 

1:30-3 p.m.—Thoracic Emergencies. Moderator: WILLIAM 
M. Tutt te, Detroit. Collaborators: THomas H. Bur- 
FORD, St. Louis; PAut W. SANGER, Charlotte; Howarp 
E. SNYDER, Winfield. 

3:15-4:45 p.m.—Postoperative Problems in Thoracic Sur- 
gery. Moderator: Paut C. Samson, Oakland. Collabo- 
rators: JOHN C. Jones, Los Angeles; Joun D. STEELE, 
Milwaukee; NorMAN J. Witson, Brookline. 
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Urology 


1:30-3 p.m. — Urological Endocrinology. Moderator: 
CiypDE L. Deminc, New Haven. Collaborators: Wit- 
LIAM P. HERBST, Washington, D. C.; THomas D. Moore, 
Memphis; SAMUEL A. VEstT, Charlottesville. 

3:15-4:45 p.m.—Carcinoma of the Prostate; An Appraisal 
of the Present Day Methods of Treatment. Moderator: 
J. HARTWELL Harrison, Boston. Collaborators: ROGER 
C. BAKER, Chicago; GRAYSON CARROLL, St. Louis; REED 
M. Nessit, Ann Arbor; PARKE G. Smitu, Miami. 


OPHTHALMOLOGY PANEL DISCUSSIONS 


On Tuesday evening Merrill J: Reeh, Portland, 
Oregon, will be the moderator for a discussion on 
“Surgery of the Eyelids and Adnexae.” His col- 
laborators include J. Gordon Cole, New York, 
Charles E. Iliff, Baltimore, and Byron Smith, New 
York. 

On Wednesday evening Samuel J. Meyer, Chi- 
‘ago, will be the moderator in a discussion on the 
‘Surgical Management of Glaucoma.” The col- 
aborators include Arthur Gerard DeVoe, New 
York, P. Robb McDonald, Philadelphia, and 
Willis S. Knighton, New York. 

On Thursday evening ‘Surgical Management 
{ Cataracts” will be the topic of discussion. Er- 
ing W. Hansen, Minneapolis, will moderate, as- 
sisted by Frederick C. Cordes, San Francisco, 
john M. McLean, New York, and Albert D. 
uedemann, Detroit. 


OTOLARYNGOLOGY PANEL DISCUSSIONS 


“The Tonsil and Adenoid Problem” will be dis- 
ussed Tuesday evening. Gordon F. Harkness, 
Uavenport, will be the moderator, and the col- 
aborators will include Julius H. Hess, Chicago, 
frederick T. Hill, Waterville, Dean M. Lierle, 
lowa City, and C. Stewart Nash, Rochester, New 
York. 

“Reconstructive Surgery of the Ear and Nose”’ 
vill be Wednesday evening’s topic, with Samuel 
Salinger, Chicago, as moderator. Collaborators 
include Lawrence R. Boies, Minneapolis, Fred Z. 
Havens, Rochester, Minnesota, and Jerome P. 
Webster, New York. 

‘““Meniere’s Syndrome”’ will be the subject on 
Thursday evening, with Leighton F. Johnson, 
Boston, as moderator. Collaborators include 
Gordon D. Hoople, Syracuse, Frank D. Lathrop, 
Boston, and Theodore E. Walsh, St. Louis. 


MOTION PICTURES 


The general theme of the ciné clinic program be- 
ing developed is the audio-visual presentation ot a 
surgical subject which stresses operative tech- 
nique but which is substantially supported by 
photographic specimens and roentgenograms, sup- 
plemented by diagrams. It is believed that mo- 


tion pictures such as these would have more. per- 
manent educational value than just the photogra- 
phy of a single operation. In some instances a 
presentation may involve photography of several 
operations to illustrate different points in tech- 
nique or varied pathologic conditions. A partial 
list of topics and participants follows: 
Tetralogy of Fallot. ALFRED BLALOCK 
Reconstruction Common Duct. I. S. RAvpIN 
Gastrojejunocolic Fistula. WARREN H. CoLe 
Vagotomy. LESTER R. DRAGSTEDT 
Carcinoma of Ovary. HERBERT E. SCHMITZ 
Hernia. LEo M. ZIMMERMAN 
Pancreatic Cysts. CHARLES B. PuEsTOw 
Endometriosis. Epwarp D. ALLEN and LOWELL PETERSON 
Tendon Injuries. MicHAaEL L. Mason 
Thyroid. FREDERICK A. COLLER 
Carcinoma of the Lung. Witiram E. Apams 
Intestinal Obstruction. CHARLES G. JOHNSTON and Ruvu- 

DOLPH J. NOER 

Telecasts in color, will this year emanate from 
Albert Merritt Billings Hospital. Lester R. 
Dragstedt is Chairman of the Television Commit- 
tee. Smith, Kline, and French are the sponsors of 
this feature. ‘Unusual Lesions in Abdominal Sur- 
gery,” the theme of this year’s Motion Picture 
Symposium, will consist of a series of short films 
running from 4 to 15 minutes, with a commentary 
by the authors. 

SYMPOSIA 


The Symposium on Trauma will be held on 
Tuesday at 2 p.m. Participants and topics are: 
Barnes Woodhall, “‘Peripheral Nerve Injuries,” 
Rufus H. Alldredge, ‘“‘Amputations,”’ George J. 
Curry, “Fractures of the Ankle,” Alexander P. 
Aitken, ‘Rehabilitation,’ Howard E. Snyder, 
“Trauma in a Rural Area,” and Col. Glen J. Col- 
lins, ‘‘Plasma Expanders.’”’ The Symposium on 
Cancer will meet Wednesday at 2 p.m., with the 
following participants and topics: Danely P. 
Slaughter, ‘“‘Review of the Chemotherapy of Can- 
cer’; Richard H. Sweet, ‘Cancer of the Esopha- 
gus”; Owen H. Wangensteen, ‘Second Look”; 
Victor F. Marshall, ‘“Bladder Cancer”; Norman 
Treves, “Breast Tumors.” The Symposium on 
Graduate Training in Surgery and the Surgical 
Specialties will meet Thursday from 1:30 to 2 
p.m., and the Motion Picture Symposium will be 
held on Thursday at 8 p.m. Further details will 
be announced later. 


POSTGRADUATE COURSES 


Details of these courses appear in the July issue 
of SURGERY, GYNECOLOGY AND OssTETRICS. The 
broad topics to be considered and chairmen are: 


Preoperative and Postoperative Care. WALTER G. MAp- 
DOCK 
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Surgery of the Small and the Large Bowel. R. KENNEDY 
GILCHRIST 
Cardiovascular Surgery. EGBEert H. FELL 
Obstetrics and Gynecology. HERBERT E. ScHMITZ 
Trauma to the Abdomen. JAMeEs K. STack 
Surgery of the Upper Gastrointestinal Tract. Joun T. 
REYNOLDS 
The importance of immediate registration for 
these popular courses is emphasized again, as seat- 
ing space will be limited. The registration fee is 
$5.00 for each course. These courses will be con- 
ducted between the hours of 8:30 a.m. and 
11:30 a.m. , 


FORUM ON FUNDAMENTAL SURGICAL PROBLEMS 


The stimulating papers offered each year by the 
Surgical Forum constitute one of the prime attrac- 
tions of the Clinical Congress. The Forum Com- 
mittee, consisting of I. S. Ravdin, Chairman, J. 
Garrott Allen, Warren H. Cole, Robert E. Gross, 
Carl A. Moyer, and Harris B. Shumacker, Jr., is 


LONDON 


HE College Sectional Meeting to be held 

in London, May 17 to 19, 1954, preceded 

by the meeting of the Association of Sur- 

geons of Great Britain and Ireland in 
Leeds, May 13 to 15, followed by special sessions 
and clinics arranged by the International Society 
of Surgery in Paris, and clinic visits to many 
other European cities, is arousing tremendous in- 
terest among American surgeons. 

Surgical programs are to be presented aboard 
ship on the way to England. The sessions in Lon- 
don, star-studded with English, Canadian, and 
American talent, will be geared to the interests of 
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planning 12 Forum sessions. The September issue 
will carry this program. 


ADVANCE REGISTRATIONS 


No registration fee will be charged Fellows oi 
the American College of Surgeons whose dues are 
paid to December 31, 1952; no registration fee is 
required of Initiates, Junior Candidates, or Sur- 
gical Residents. Non-Fellows and Fellows whose 
dues are not paid will be charged a $20.00 fee. It 
is suggested that non-Fellows bring medical iden- 
tification with them to simplify enrollment. Off- 
cial registration forms may be obtained from the 
American College of Surgeons, 40 East Erie 
Street, Chicago 11, Illinois. 


HOTEL RESERVATIONS 


For hotel accommodations advance reserva- 
tions are advisable. Official forms may be ob- 
tained from the American College of Surgeons. 


MEETING 


all surgical specialists. Sir Cecil Wakeley, Presi- 
dent of the Royal College of Surgeons of England, 
is Honorary Chairman of the Committee on Ar- 
rangements and is to be supported by a distin- 
guished committee which will leave no detail un- 
tended which would add to the scientific and social 
attractions for visiting surgeons. 

The meeting will be open to all ethical physi- 
cians and surgeons. Those who are interested in 
attending the meeting should communicate 
with Dr. Paul R. Hawley, The Director, Ameri- 
can College of Surgeons, 40 East Erie Street, 
Chicago 11, Illinois. 





